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The  design  and  construction  of  a  versatile  fatigue  tester  are 
discussed  in  considerable  detail.  Length  and  tension  measurements 
and  also  break  detection  equipment  are  incorporated  together  with 
automatic  recording  facilities.  A  few  results  are  presented  but 
no  theoretical  approach  has  yet  been  made  in  their  support. 


The  twisting  of  rubber  strips  studied  in  order  to  shed 

V 

further  light  on  the  "ribbon-twisted 11  form  of  twisted  yams.  It 

AS 


beam  shown  that  two  forms  of  structure  occur  -  a  twisted  form  and  a 

VL'JS 

wrapped  form.  The  theory  of  the  occurrence  of  these  forms  hae  bean 
worked  out  by  considering  the  energy  relations,  and  shown  to  agree 


with  the  experimental  results 
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PART  I 

THE  FATIGUE  PROPERTIES  OF  TWISTED 
CONTINUOUS  FILAMENT  YARNS 

CHAPTER  I 
Tho  Fatigue  Tester 

1. 1  Introduction,  design  and  purpose 

In  the  last  annual  report*  on  this  work,  results  with  a  five- 
station  fatigue  tester  operating  at  constant  length  of  stroke  were 
given.  The  parumotors  recorded  wore  the  increase  in  length  of  tho 
specimen  (development  of  slack)  during  cycling,  and  the  number  of  \ 

cycles  to  break.  Bocause  of  the  development  of  slack,  the  maximum  j 

stress  occurring  in  each  cycle  foil  rapidly  and  specimens  frequently 

I 

f 

|  did  not  broak  ovon  aftor  180,000  cyclos,  unloss  strokos  very  near  • 

to  the  breaking  extension  wore  used.  During  tho  present  yoar,  a  new 

fatigue  tostar  has  boon  constructed,  incorporating  a  mechanism  for 

;  taking  up  slack  together  with  a  number  of  othor  improvements 

|  designod  to  give  improvod  accuracy  and  incroasod  information. 

!  * 

I  ~  This  instrument  has  advantages  over  tho  fatigue  tostors,  such 

;  as  tho  one  described  recontly  by  Lyons  *,  bocause  of  tho  extent  of 

tho  data  which  can  bo  obtainod.  Tho  instrument  was  designed  to 

*  Mechunicul  behaviour  of  twisted  yarns  by  A. J. Booth,  O.N.  Bose 
and  J. W.S.Hoarlc,  October,  1961  >  Final  Technical  Report,  U.S.Army 
Contract  Du-91-519-EIE-1467, 01-4601-60 

Lyons.  Textilo  Research  Journal,  32,  448  (1962). 


-  2  - 

provide  the  following  features: 

(i)  it  range  of  sinusoidal  extensions,  capable  of  being  imposed  at 
various  frequencies,  and  showing  improved  accuracy  for  short 
strokes  (<^10$).  Other  forms  of  extension  could  be  imposed  by- 
special  cams. 

(ii)  Provision  for  taking-up  slack  botwoen  each  cycle  of  imposod 
oxtonsion.  Mechanism  can  bo  renderod  inoporativo  for  fixed 
stroke  cycling  without  take-up  of  slack. 

(iii)  Measurement  of  tension  dovolopod  in  each  spocimon  throughout 
test. 

(iv)  Measurement  of  increase  of  longth  in  spocimon  as  a  result  of 
tako-up  of  slack. 

(v)  Detection  of  break,  indicating  cycles  to  brook  on  a  counter. 

(vi)  Twonty  stations,  thus  providing  for  testing  of  an  adequate 
statistical  sample  on  each  run. 

(vii)  A  multi-channel  recordor  and  a  switching  mechanism  to  give 
automatic  recording  of  data  through  the  tost. 

(viii)  accuracy  of  measurement  (to  3%)',  convenience  in  uso  to  allow 
for  carrying  out  a  largo  testing  programme  in  a  reasonable  time; 
versatility,  so  that  the  tester  can  bo  adapted  to  a  variety  of 
specimens  and  conditions  of  testing;  protection  from  orrors 
duo  to  vibration;  and  robustness,  to  avoid  any  bending  of 
parts  as  a  result  of  the  development  of  tensions  of  tho  order 
of  1  lb.  in  each  of  twenty  specimens. 


It  has  boon  found  convenient  to  divide  thu  description  of  tho 
apparatus  and  of  the  methods  adopted  to  satisfy  tho  roquiro- 
monts  for  tho  tostor  into  five  soctions: 

(a)  mechanical  parts 

(b)  tension  moasuromont 

(c)  longth  moasuromont 

(d)  yarn  breakage  detection 

(o)  automatic  recording  facilities 
A  schomatic  view  of  tho  tostor  showing  tho  interrelation  of 
various  parts  is  shown  in  Figure  1,  and  a  photograph  of  tho 
tester  in  Figure  2. 

1.2  Mochanical  parts 

1.2.1  Basic  motion 

Tho  basic  essential  of  a  fatiguo  tester  is  that  it  must  bo 
capable  of  producing  a  reciprocating  motion  over  long  periods  of 
timo.  Thu  simplest  forms  f  >r  this  motion  are  those  using  the 
system  of  a  crank  and  connecting  rod  to  transmit  angular  motion  into 
linear  displacement. 

With  the  Scotch  yoke  system  (Figure  3(a)),  tho  crank  pin  is 
constrained  to  move  in  a  vertical  3lot  at  right  angles  to  tho 
line  of  motion  and  therefore  since  the  reciprocating  rod  moves  as 
tho  projection  on  tho  diameter  of  a  point  moving  on  the  circum- 
furoncQ  of  a  circle,  tho  uniform  angular  rotation  of  the  crank  is 
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transformed  into  sintplo  harmonic  rociprocation  of  tho  rod. 

Because  only  tho  fundamental  vibration  is  prosont  and  tho  higher 
harmonios  do  not  cloud  the  picture,  simple  harmonic  motion  is  use¬ 
ful  in  calibrating  vibration-moasuring  equipment.  Tho  important 
factor  which  limits  tho  usofulnoss  of  this  mechanism  to  rolativoly 
small  machinos  operating  undor  light  loads  is  that  tho  sliding 
block  must  transmit  largo  foroos  to  tho  reciprocating  mombor  by- 
sliding  contact. 

Due  to  the so  difficulties  it  was  docidod  to  uso  tho  simple 
crank  and  connecting  rod,  thoroby  sacrificing  ideal  simple  harmonic 
motion.  Since  the  slidor-crank  mechanism  (Figure  3(b))  doos  not 
have  an  infinitoly  long  connecting  rod,  a  torn  known  as  the 
angularity  of  tho  systom  ontors  into  tho  discussion  and,  as  will 
bo  soon,  tho  departure  from  S.H.M.  depends  on  tho  ratio  between  the 
lengths  of  crank  and  connecting  rod. 

In  Figuro  3(b),  if  R  is  tho  length  of  tho  crank,  L  tho  length 
of  tho  connecting  rod  and  x  the  displacement  of  tho  slidor  from 
tho  oxtromo  right  hand  position,  i.o.  top  doad  aontro,  then* 
x  =  R  ♦  L  -  R  cos  '-'X  -  L  cos  p 
=  R(l  -  cos  X.)  +  L(l  -  cos  p) 

=  R(1  -  cos  O')  *  L(1  -</l  -(£)?  sin2  fy  ) 

Expanding  tho  quantity  undor  tho  radical  by  tho  Binomial  thoorom, 


>5- 


X  = 


=  R{1  -  cos1*!  )  +  R 


J  CX  .  *  |(|)3  sln^C* 


*  f.  (2)5  sin6  <*  *  . 

16  L 


Since  x  =  R(l  -  cosC*^  )  is  the  equation  for  the  case  of  the 

infinitely-long  connecting  rod,  the  remaining  terms  take  account 

of  the  angularity  of  the  rod.  Clearly  as  the  ratio  R/L  becomes 

smaller  the  effect  of  angularity  becomes  insignificant,  especially 

beyond  the  first  term  in  the  binomial  expansion.  When  L  =  2QR,  the 

increase  in  x  due  to  angularity  is  5%  at  0°,  2,5%  at  90°,  zero  at 

180°,  2,5%  at  270°,  5%  at  .  It  can  be  soen  from  these  figures 

that  the  deviation  from  S.H.M.  takes  the  form  of  producing  a  curve 

o  0 

which  is  unnoticeably  dissimilar  to  S.H.M.  between  90  and  270  and 
only  slightly  more  inaccurate  in  the  other  two  quadrants. 

Having  determined  the  nature  of  the  reciprocating  motion  to  be 
employed  the  rest  of  the  machine  was  designed  to  fit  in  with  it. 

1.22  Moving- jaw  assembly 

For  measurement  of  tension,  strain  gauges  (to  be  described  more 
fully  in  section  1. 3)  are  mounted  on  vd.de  phosphor  bronze  strips, 
3"  in  length.  These  strips,  which  carry  the  upper  specimen  jaws, 
are  mounted  in  parallel  as  cantilevers  from  a  3  ft.  length  of  3/4" 
T-section  steel  bar,  l/8"  thick.  This  material  was  chosen  on 
account  of  its  high  resistance  to  bonding,  thus  reducing  considerably 
the  errors  due  to  bowing  of  a  long  bar. 
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This  T-bar  is  supported  at  two  points,  8"  from  either  end  by 
pairs  of  3"  mild  steel  tubes,  in  diameter  set  3"  apart.  These 
tubes  slide  in  brass  bearings,  in  length  mounted  ou  stands  fixed 
to  the  baseboard.  Alignment  is  facilitated  by  a  l/4"  steol  bar 
connecting  the  two  tubes  on  which  are  mounted  two  small  brass  pulleys 
which  run  in  tracks  and  so  provide  smooth  motion  for  the  T-section 
bar.  Bridged  across  the  free  ond  of  the  pairs  of  tubos  is  a  1/4" 
stool  rod,  from  the  contro  of  which  the  connecting  rod,  8"  in  length, 
extends  to  tho  crank  pin.  Tho  connecting  rod  contains  a  turnbucklo 
which  sorvos  to  incroaso  tho  length  of  tho  rod  by  up  to  2"  when 
necessary. 

1.23  Main  drive 

It  was  docidod  with  a  view  to  tho  testing  of  heavy  denier  yarns 
that  sufficient  power  should  bo  available  so  that  a  high  output 
torque  should  occur.  A  h.p.  motor  with  a  reduction  goar  box, 
altering  tho  spoed  of  tho  output  shaft  from  1,420  down  to  131  r.p.m. 
enabled  this  to  be  done  satisfactorily.  The  motor  is  mounted  on  a 
bracket  attached  to  tho  wall  of  the  testing  room  and  is  above  the 
main  body  of  tho  toster.  Tho  separate  mounting  of  this  motor  reduces 
vibration  problems  considerably.  The  output  shaft  carrioa  a  4-step 
pulley,  carrying  a  3/8"  V  belt  to  tho  main  shaft  of  the  machine. 

The  main  driving  shaft  is  of  diameter  mild  steel  bar  and 
runs  in  3  Oilite  plummor  blocks  bolted  to  the  baseboard.  Keyed  on 
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to  either  end  of  this  shaft  is  a  diameter  steel  diso.  This 
disc  has  a  milled  slot,  wide,  in  which  a  brass  strip 
l/4M  x  is  free  to  slide.  This  strip  is  slotted  either  side  of 
the  centre  to  facilitate  adjustment  in  eccentrioity.  A  3/l6" 
silver  steel  pin  is  brazed  to  the  oentro  of  the  strip  and  provides 
a  bearing  for  the  connecting  rod  mentioned  above.  A  crank  arm  as 
such  is  therefore  not  omployed  directly. 

Also  mounted  on  the  main  shaft  is  a  4- step  pulley  and  an 
auxiliary  cam  used  for  govorning  the  clamping  mechanism  for  the 
lower  jaws  (to  be  doscribod  later)  and  also  for  the  operation  of 
a  mioroswitch  in  the  revolution  counter  circuit. 

This  cam  is  do signed  so  that  the  follower  is  raised  by  3/l6" 
for  30°  of  rotation  of  the  mainshaft.  As  the  follower  is  the 
nylon  disc  of  a  nicroswitch  arm,  this  means  that  the  electrical 
oircuit  employed  with  the  clamping  mechanism  is  closed  for  330° 
of  rotation. 

1. 24  Clamping  mechanism 

Tho  lower  spocimen  jaws  wore  mounted  at  the  top  of  brass  rods, 
which  could  be  clamped  in  position  during  the  imposed  extension  but 
released  to  allow  tako-up  of  slack.  Electromagnetic  clamping  was 
used.  The  throe  "Maxiflux"  solenoid  electromagnets  have  coil 
resistances  of  2.6  ohms  oach  and  are  connected  in  series.  These 
are  operated  from  a  battery  of  24v.  This  circuit  contains  a  main 
switch  and  the  microswitch  oporated  from  the  cam  mentioned  abovo. 


7 

In  parallel  with  tho  magnets  is  a  resistance  of  10  ohms  and  a 
galvanometer  of  the  O.V.  recorder.  The  function  of  this  oirooit 
is  as  a  timing  mechanism  to  show  exactly  when  tho  clamps  arc 
energised  and  released.  Tho  high  resistance  usod  is  to  ensure 
that  the  current  through  tho  galvanometer  is  reduced  to  a  low 
value.  A  "kiok"  of  amplitude  1  om.  was  found  to  be  satisfactory 
and  this  was  achieved.  Tho  solenoids  havo  boon  exceptionally  well 
designed  and  are  capable  of  pulls  of  8  lb.  at  3  v.  1  A.  and  200  lbs. 
at  24  v.  and  3  A.  Across  tho  polo  pieces  of  3  electromagnets  is 
fastened  a  3  ft.  length  of  stoel  bar  3/4"  x  l/4n*  This  is 
strengthened  by  a  similar  piece  screwed  at  right  anglos  to  it. 

This  addition  was  found  to  bo  necessary  duo  to  the  bending  which 
occurred  with  tho  single  bar  alone.  This  assembly  constitutes  oho 
moving  sido  of  tho  clamping  mechanism,  tho  movoment  obtainable 
being  3/l6M-  As  can  bo  soon  from  Figure  4>  the  inserts  . 
finally  chosen  as  boing  of  usoful  friction  properties  without 
being  too  savore  in  their  clamping  action  consist  of  two  hard 
rubber  bars,  square  in  section,  one  of  which  is  backed  by  rubber 
pressure  tubing. 

It  was  found  that  by  this  moans,  tho  20  brass  rods  supporting 
the  lower  jaws  could  bo  held  simultaneously  with  satisfactory 
reliability.  Other  methods  of  clamping  which  wore  tried  but 
proved  unsuccessful  wares- 


(a)  Silver  stael  to  silver  steel. 

Due  to  the  high  accuracy  of  manufacture  of  silver  steel  it  was 
considered  possible  that  the  grip  upon  several  yarns  simultaneously 
over  a  3  ft.  length  would  be  virtually  the  same.  This  proved 
partially  true  but  tho  severe  action  on  the  filaments  of  the  yarn 
caused  this  method  to  be  abandoned. 

(b)  Using  soft  rubber  a3  a  covering  modium  for  the  silver 

steel  jaws. 

This  attempt  to  overcome  the  damage  causod  to  filaments  provod 
unsuccessful  because  it  was  found  that  the  yarn  was  able  to  slip 
quite  easily  unless  a  very  high  clamp  pressure  was  maintained.  As 
this  was  impracticable  over  a  3  ft.  length  of  bar,  the  method  was 
discarded. 

(ii)  Clamping  on  to  a  metal  insort  holding  tho  yarn. 

(a)  Using  a  shim  brass  strip. 

The  strip  used  was  approximately  l/8"  wide  and  10  thousandths  of 
an  iuch  thick.  It  was  found  on  trial  that  tho  silve  steel  clamp¬ 
ing  rods  tended  to  bend  and  damage  tho  strip  so  that  mal-alignment 
of  the  lower  yarn  jaw  was  produced  and  also  tho  froe  falling  of  the 
whole  assembly  was  interfered  with  adversely. 

(b)  Using  soft  rubber  strips  as  strengthening  material  for 

the  above  strips. 

It  was  found  that  assistance  was  rendered  by  the  addition  of  soft 
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rubber  stripe  bonded  to  the  brass  strip  by  Araldite.  Although 
bending  of  the  strip  was  prevented  to  a  slight  degree,  the  friction¬ 
al  properties  of  the  rubber  s*rip  were  not  sufficiently  good  and 
movement  of  the  lower  jaw  due  to  the  elastic  yielding  of  the  rubber 
proved  unsatisfactory. 

(c)  Using  silver  steel  clamping  rods  covered  with  rubber  pressure 

tubing  operating  on  brass  rods. 

This  method  provod  very  satisfactory  from  the  point  of  view  of  non¬ 
slippage  over  a  3ft.  length  and  was  in  fact  used  for  some  time  but 
continual  use  produced  grooves  in  the  tubing  caused  by  the  pressure 
of  the  brass  rods  and  eventually  the  rods  began  to  adhere  to  one 

or  other  of  the  sides  of  the  jaw. 

rods 

(d)  Using  nylon  clnmping/as  jaw  inserts. 

The  use  of  3ft.  lengths  of  nylon  rod  was  envisaged  as  providing  a 
hard  wearing,  friction  surface  far  the  brass  rods  but  on  trial, 
slip  occurred  at  several  positions  due  to  long  length  of  clamping 
required. 

Using  square  section  hard  rubber  bars,  it  was  found  that  sufficient 
friction  was  obtained  to  clamp  over  a  3ft.  length  but  also  that 
the  rubber  yielded  sufficiently  to  allow  for  slight  variations  in 
diameter  of  the  brass  rods,  which  is,  of  course,  a  factor  of 
considerable  importance.  Being  of  hard  rubber,  the  brass  rods  did 
not  tend  to  adhere  to  the  jaws  but  were  completely  freed  as  soon  as 
the  clamp  opened  and  thus  did  not  interfere  at  all  with  the 
accuracy  of  the  length  measuring  system. 


ii  is  shown  in  Figure  4>  a  short  length  (1-fc*)  of  soft  iron  rod 
is  brased  on  to  the  bottom  of  the  brass  rod  as  part  of  the  length 
measuring  ays tea.  The  whole  assembly  is  free  to  slide  vertically 
in  a  glass  tube,  ( chosen  to  minimise  friction) ,  which  is  prevented 
from  falling  through  the  ooil  by  a  rubber  oollar  at  its  top  gad 
which  rests  on  the  ooil  end-oheek. 

Unfortunately  by  using  brass  rod,  which  is  sufficiently  tough 
to  withstand  lateral  pressure  without  deformation  and  by  the  necess¬ 
ity  of  using  soft  iron  rod  as  a  length  measuring  indioator  the 
weight  of  the  lower  jaw  assembly  has  risen  to  8.5  gms.  or  0.775 
gms.wt./tez.  This  figure,  however,  does  not  compare  unfavourably 
with  the  recommended  figure  of  0.5  gms. vt./tex.  To  decrease  the 
weight  of  the  lower  jaw  assembly  to  satisfy  this  condition  could 
jeopardise  the  life  of  the  assembly  and  also  reduce  the  stability 
which  it  enjoys  under  the  present  circumstances. 

1*3  Tension  measurement 

Electric  resistance  strain  gauges  are  used  as  the  active 
constituents  in  the  measurement  of  stress  developed  in  the  yarn 
throughout  the  cycle.  The  etohing  process  used  in  the  manufacture 
of  foil  strain  gauges  produces  a  "ribbon"  type  conductor  which  is 
superior  to  a  wire  element  of  circular  cross  section  both  in 
electrical  and  mechanical  properties.  Width  to  thickness  ratios 
in  excess  of  10  are  obtainable  giving  better  bonding  to  the  backing 
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material  and  better  heat  dissipation.  The  improved  bonding  gives 
a  high  gauge  factor  of  the  order  of  2.05  -  2.20.  The  gauge  faotor 
of  a  strain  gauge  is  a  measure  of  the  sensitivity  and  is  defined 
as  dB/k  f  dl/l  where  1  is  the  length  of  wire  in  the  strain  gauge, 
R  its  resistance  and  the  other  quantities  small  increments  in 
these  two  parameters.  Another  benefit  of  better  bonding  is  that 
it  allows  higher  shoar  forces  to  be  transmitted,  thus  allowing  a 
larger  cross-section  to  bo  used  than  in  the  case  of  wire  gauges 
and  consequently  increasing  the  current  carrying  capacity  of  the 
element.  The  improvement  in  heat  dissipation  also  increases  the 
current  carrying  capacity  by  preventing  overheating. 

In  a  ribbon  element  with  a  high  width  to  thickness  ratio, 
both  the  maximum  shear  stress  and  the  surface  temperature  are 
reduced  by  as  much  as  50$  compared  to  the  circular  wire  gauge  and 
with  both  these  factors  tearing  a  functional  relation  to  gauge 
drift,  the  stability  of  the  system  is  increased.  The  gauges 
employed  in  the  machine  are  manufactured  from  cupro-nickel  ribbon 
and  have  an  epoxyotiiylene  backing.  Those  used  in  the  tests  are 
the  linear  foil  gauge  having  a  resistance  of  80  ohms  and  a 
gauge  factor  of  2.20.  The  maximum  permissible  operating  current 
depends  on  the  heat-sink  properties  of  the  specimen,  the  material 
of  which  the  specimen  is  made,  the  adhesive  and  type  of  gauge  used 
and  the  quality  of  affixation;  hence  no  fixed  figure  can  be 
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accurately  quoted.  Typically  the  maximum  permissible  current  may 
be  between  100  and  650  mA.  Gauges  with  epoxyethylene  backing  are 
limited  to  a  maximum  temperature  of  100  degrees  Centigrade. 

Two  of  these  gauges  are  mounted  one  on  either  side  of  the 
phosphor  bronze  strips  referred  to  in  1.2.  Phosphor-bronze  was 
preferred  to  other  materials  on  account  of  its  low  hysteresis 
properties.  Boryllium-coppor  alloy  would  probably  bo  even  better 
but  the  expense  incurred  by  its  use  does  not  seem  warranted  at  the 
present  time.  The  mounting  of  the  gauges  requires  care  and  can 
cause  errors  if  incorrectly  performed.  It  is  essential  to  have  no 
air  bubbles  trapped  botween  the  gauge  and  the  phosphor  bronze 
strip.  This  ideal  was  best  approached  by  carrying  out  the  follow* 
ing  procedure: 

(i)  after  preliminary  cleaning,  mark  the  phosphor-broame  strip 
where  the  gauge  is  to  be  fixed. 

(ii)  slightly  roughen  the  area  to  bo  covered  with  fine  emery  paper. 

(iii)  clean  thoroughly  with  trichlorothylone 

(iv)  apply  a  small  quantity  of  the  pro pared  solution  of  strain- 
gauge  cement  and  hardener  951  by  spatula. 

(v)  lightly  press  tho  gauge  on  to  the  strip  taking  oare  that 
the  whole  of  the  underside  of  the  gauge  is  coated  with 
adhesive.  Hard  prossure  at  this  point  is  not  necessary  and 
may  indeed  spoil  the  ohanoes  of  a  good  bond. 
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( vi )  remove  the  exudod  cement  by  moans  of  a  sharp  piece  of  card¬ 
board  or  like  material  taking  care  that  the  position  of  the 
gauge  is  not  disturbed.  Although  air  bubbles  may  still  now 
be  present  in  the  adhesive  material  these  may  be  removed  by 
the  following  step. 

(vii)  A  piooo  of  cardboard  slightly  larger  in  area  than  the  gauge 
is  placed  over  the  gauge  and  gentle  thumb  and  finger  pressure 
over  the  whole  area  is  sufficient  to  force  trapped  air  babies 
out  of  the  cenent. 

(viii)  remove  the  exudod  comont  once  more. 

(ix)  leave  in  this  condition  for  24  hourc. 

(x)  remove  all  traces  of  cement  solution  from  the  gauge  solder 
tabs.  Apply  a  little  Coralite  flux  and  tin  the  tabs  in  the 
normal  way.  The  strip  and  gauges  are  then  ready  to  be 
connected  to  the  machine  end  »'  oldcrirg  of  the  leads  is  the 
only  requisite. 

(xi)  using  a  smell  copp:r  ro'^erir.g  iron,  heated  by  a  spirit 

burner,  it  was  found  possible  to  atcr.eh  the  leads  success¬ 
fully.  The  loads  aro  .321  cia.  single  strand  copper  wire 
coated  with  P.V.C.  It  ic  ossential  to  tin  the  leads  before 
attempting  to  soldo-'  then  to  tho  tabs  on  the  gauge.  As 
little  hoat  an  possible  is  required  and  for  this  reason  a 
low  melting  point  solder  is  used.  Tho  melting  point  of  the 
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■older  is  145  C.  and  the  recommended  bit  temperature  is  185  C. 

Two  of  these  gauges  constitute  2  arms  of  a  Wheatstone  bridge 
oirouit.  The  other  two  arms  of  the  bridge  are  formea  by  a  pair  of 
dummy  gauges  on  a  separate  strip.  As  there  are  20  pairs  of  active 
gauges  and  only  one  master  dummy  pair  a  switching  circuit  has  been 
employed  so  that  measurements  from  eaoh  bridge  are  taken  consecutively. 
This  is  achieved  by  a  two-bank  25  way  Uniselector  switch  placed 
between  the  junction  of  the  activo  gauges  and  the  galvanometer.  The 
galvanometer  employed  in  the  circuit  has  a  sensitivity  of  0.0018  mA 
per  centimetre  of  scale  deflection  and  has  a  resistance  of  60  ohms. 

The  dimensions  of  the  phosphor-bronze  strip  have  been  carefully 
chosen  to  take  into  account  the  bending  required  and  deflection  at 
the  free  end.  Referring  to  Figure  5a  : 

Free  length  of  beam  (l)  =  4.85  cms. 

Clamped  length  =  2.08  cms. 

Distance  of  middle  of  strain  gauge 
from  the  fixed  end  (z)  =  1.35  cms. 

Width  of  phosphor-bronze  s'  ’ip  (b)  =  1.303  cms. 

Thickness  of  strip  (t)  =  0.165  cms. 

Thickness  of  strip  whore  strain 

gauges  are  mounted  =  0.201  cms. 

Length  of  strain  gauge  =  1.27  cms. 

The  deflection  y  at  ary  point  X  distant  x  from  tho  fixed  end 


is  given  byi 


-  16  * 

ix  = 

dx2 


Integrating  w.r.t.  z 


when  x  =  o,  -  o,  therefore  A  =  o 

dx 


Integrating  again 


y  =  W  (&£ 

sr  2 


)  ♦  B 


When  x  =  o,  y  =  o,  therefore  B  =  o 
2 

therefore  y  =  HjL  (i  -  5) 

At  the  end  of  the  beam,  i.e.  when  x  =  1 
W  i3 

y-n  5 

Therefore  for  a  beam  carrying  500  grams,  the  deflection  at  the 
point  where  the  weight  acts, 

y  =  500  x  981  *(4»85)3 

3  El  ~ 

For  the  phosphor  bronze  used  the  figure  for  Young's  Modulus  given 
is  13.12  x  1<P  dynes  per  sq.  cm.  The  moment  of  inertia  for  the 
beam  about  an  axis  perpendicular  to  its  length  is  btVl2 
therefore  y  = 


3  x  13.12  x 


1011  x  1.31 


303  x  (.165)3 


=  0,0^913  oms 
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This  figure  may  seom  excessive  but  it  must  be  remembered  that  only 
nylon  and  Terylene  yarns  approach  tensions  of  500  grams,  and  this  is 
reached  at  high  extensions  and  thus  the  error  involved  is  only  1. 5% 
on  a  2  oms.  stroke  or  0.29$  if  calculated  on  the  initial  gauge 
length. 

The  radius  of  curvature  of  the  beam  (r)  is  given  by: 
r 

yz 

where  y1  and  y  are  the  first  and  second  differentials  of  y  with 
respect  to  x. 

When  y^  is  small  (as  it  is  hero), 
r  =  1  =  El 

p  wr—zj 

i.s  a  guide  to  the  length  change  occurring  in  the  strain  gauges 
it  is  nocessary  to  calculate  the  radius  of  curvature  at  tho  point 
where  the  gauge  is  affixed.  Here  the  combined  effect  of  the  small 
change  in  moment  of  inertia  and  modulus  will  give  the  beam  added 
stiffness  at  this  point,  but  in  comparison  with  the  stiffness  of 
the  phosphor  bronze  strip,  any  increase  will  bo  negligible.  There¬ 
fore  the  modulus  has  been  presumed  to  be  tho  same  for  this  section 
of  the  beam  as  for  any  other  section  and  tho  moment  of  inertia  has 
similarly  been  calculated  for  a  thicknoss  of  beam  of  0.165  cms. 

The  radius  of  curvature  for  tho  bent  strain  r;augo  is  calculated  for 
tho  mid-point  of  tho  unbent  gauge.  Variation  in  the  radius  of 
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curvature  over  the  length  of  gauge  will  be  discussed  later.  Por 
the  mid-point  of  the  gauge  the  distanoe  (z) (see  Figure  5a)  is  1.35  oms. 

Considering  the  neutral  axis  of  the  beam  with  strain  gauges 
mounted  and  a  weight  of  100  grams  hung  from  the  beams 


=  1864  oms. 

where  r^  is  the  dimension  shown  in  Figure  5b. 

Assuming  that  this  radius  of  curvature  applies  over  the  dis¬ 
tance  of  the  neutral  axis  will  remain  •£"  in  length.  The  top 

in  length  and  its  new  length 

oms. 

oms. 
x  10"5 

gauge  factor. 

Here  \  =  2.20 

therefore  dR  =  11.86  x  10“  ^ 

TC 

When  R  =  80  ohms,  the  change  in  resistance  of  the  top  and  bottom 
gauges  is  -  .0094^8  ohms  respectively.  This  is  the  change  for  an 


strain  gauge  S,  however,  will  increase 
=  (1864  +  0.1005)  1.27 


*  1.27  +  (6.846  x  10”5) 
Similarly  the  new  length  of  S 

2 

=  1.27  -  (6-846  x  10“5) 
therefore  dl  =  6.846  x  10”'5  =  5.391 

t 

Mow  dR  =  \  dl  from  the  definition  of 

T  A  T 
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applied  weight  of  100  grams. 

The  Wheatstone  bridge  oircuit  shown  in  Figure  6  was  used  as 
the  sensitive  bridge  for  indicating  this  change  in  insistence. 
Resistances  A  and  8  are  the  active  members  of  the  bridge  and  C  and 
D  are  the  dummy  pair.  and  8^  are  a  second  active  pair  (on  a 
different  phosphor  bronze  strip).  Using  Kirchhoff s  second  lav 
for  the  closed  oircuit  1241>  wo  have 
Ai2  -  Gi3  -  G(±1  -  i  )  =  0 
and  for  the  oircuit  2342 

B(i2  +  i3)  +  Gi^  -  -  i2  -  i3)  =  0 

For  a  particular  circuit,  the  following  measurements  were  takent 
i^  =  320mA;  i3  =  .0126  QA.  These  results  wore  found  when  the 
100  gms.  weight  was  added,  tho  galvanometor  scale  defloction  being 
7.0  cns.  The  resistances  of  C  and  D  remain  constant  with  values 
of  80  ohms,  whereas  A,  tho  top  gaugo,  will  incroaso  in  resistance 
by  a  small  increment  (dR)  and  the  gaugo  underneath  the  phosphor 
brorzo  strip  B  will  decrees  by  tho  same  amount  whe  the  beam  is 
bent.  The  resistance  of  tho  galvanometer  in  the  U.V.  recorder  is 
60  ohms.  Substituting  those  values  in  the  equations  above: 

(80  +  dR)  i  -  60(,0126)  -  80(320  -  =  0 

and  (80  -  dR)(i2  +  .0126)  +  60 (.0126)  -  80(320  -  i  -  .0126)  =  0 
From  the  first  of  these  equations 
(160  +  dR)i  -  25600  -  60(.0126)  =  0 
and  from  tho  second 
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(160  -  dR)i2  ~  25600  +  220(.0126)  -  .0126®  =  0 
Multiplying  the  first  equation  by  (160  -  dR)  and  the  second  by 
(160  *  dR)  and  subtracting, 

2 

5l200dR  -  280. 160. (.0126)  +  .0126(dR)  =  0 

therefore 

-  51200  ~  (51200)2  +  640.280(.0126)2 

®  =  0.0252 

Taking  the  positive  root, 

dR  =  .0002778  =  .01103  ohms. 

— .  0555" 

**5 

therefore  dR  (with  R  =  80  ohns)  =  13.79  x  10 

TT 

This  value  is  slightly  higher  than  that  obtained  by  tho 
calculation  of  chango  in  length,  Thoro  aro  numerous  assumptions 
which  have  been  made  in  the  calculations  which  would  account  for 
this  slight  discrepancy.  Regarding  the  bent  beam  theory  we  have 
assumed  that:  - 

i)  tho  woight  of  tho  beam  is  negligible 

ii)  tho  curvature  of  tho  strain  gauge  is  constant  over  its  length 

of 

iii)  there  is  no  slip  of  tho  strain  gaugo  on  tho  beam  and  that  the 

bean  is  uniform  ovor  its  length. 

Of  these,  tho  second  assumption  ie  tho  most  open  to  criticism 
becauso  tho  radius  of  curvature  varies  between  1577  eras,  at  the  fixed 
end  to  2277  eras,  at  the  ond  of  the  strain  gauge  further  from  the 
fixed  end  of  tho  beam.  To  take  the  mean  of  these  values  (1927  oms.) 
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would,  however,  bring  the  value  of  c(L  even  lower.  The  weight  of 
the  bean  itself  (20  gns.)  however,  if  taken  into  account  would 
have  the  effect  of  increasing  the  bending  nonent  thereby  dooreasing 
the  radius  of  curvature  of  the  seotion  of  the  beam  to  which  the 
strain  gauges  are  cemented. 

Thus  these  two  effects  will  tend  to  balance  each  other  out, 

but  the  curvature  error  will  be  predominant.  Other  factors  which 

enter  the  discussion  of  snail  errors  are  the  changes  in  length  and 

Young's  Modulus  for  the  phosphor  bronze  strip  as  the  temperature 

o 

rises  to  a  final  value  of  approximately  50  C.  A  riso  of  this 
order  will  produce  a  reduction  in  modulus  of  0.06%  and  an  increase 
in  length  of  0.01%. 

Regarding  the  errors  involved  in  calculating  the  change  in 
resistance  from  the  electrical  circuit,  the  figure  of  320mA  given 
as  the  total  bridge  current  nay  be  inaccurate,  due  to  the  difficulty 
in  measuring  to  bettor  than  5nA.  Also  the  galvanometer  current 
given  as  0.0126  mA  could  also  be  criticized  because  the  deflection 
for  100  grams  (7.0  cms.)  is  only  accurate  to  0.1  cms.  The  value 
of  dR  should  probably  bo  approximately  .010  ohms,  in  other  words 
a  change  of  .012%.  As  can  be  seen  from  the  theory  of  the  bent 
beam  the  positioning  of  tho  strain  gauge  on  the  phosphor  bronze 
is  critical  as  regards  the  change  in  resistance  of  the  gaugo.  The 
thickness  of  the  cement  layer  also  plays  a  minor  part  in  determining 
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the  sensitivity  of  the  system.  It  can  be  understood  therefore 
that  the  sensitivities  of  the  20  bridges  may  not  be  identical  and 
they  do  in  fact  vary  between  6»00  -  7.80  cms.  for  an  added  load 
of  100  grams. 

The  strain  gauges  used  are  designated  as  80  -  0.4  ohms. 

To  balance  the  bridge  initially,  i.o.  to  have  no  currenb  passing 
through  the  galvanometer,  a  means  of  zeroing  and  adjustment  must  be 
used.  The  toohniquo  employed  was  to  position  the  galvanometer  spot 
on  the  screen  with  tho  bridge  disconnected  and  to  watch  the  direction 
of  movement  of  the  spot  when  the  switch  was  closed.  Depending  on 
this  direction  it  was  clear  which  of  the  pair  of  active  gaugos 
needed  adjustment.  With  tho  connections  employed,  tho  top  gauge 
needed  adjustment  if  tho  spot  moved  to  tho  loft  of  zero.  Jewellers' 
rouge,  available  in  several  degrees  of  abrasive  power,  was  applied 
sparsely  to  the  surface  of  tho  appropriate  gauge  by  means  of  a 
calico  cloth  and  slight  rubbing,  producing  a  minute  change  in 
resistance,  brought  tho  galvanometer  spot  back  to  its  zero 
position. 

This  procedure  was  carried  out  on  each  of  the  20  bridges 
in  turn,  the  zero  points  for  each  bridge  being  attainable  with 
great  accuracy  and  comparative  ease. 

Approximately  1£0  a A  passes  through  each  strain  gaugo  from  a 
24  volt  battery.  This  means  that  in  eaoh  gaugo  3.84  watts  is 
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dissipated.  The  majority  of  this  energy  is  used  in  heating  up  the 
phosphor  bronze  strip  and  a  check  with  a  thermocouple  showed  that 
near  the  gaugos  the  tonporaturo  of  tho  strip  was  in  &he  region  of 
50  -  This  rise  is  undosirablo  but  insufficient  sensitivity 

is  attained  unless  tho  amperage  through  tho  gauges  is  kept  reason¬ 
ably  high.  Such  a  high  working  tenporature  means  that  changes  in 
ambient  temperature  caused  by  draughts  can  cause  error.  Changes 
in  humidity  can  also  cause: 

a)  breakdown  of  insulation  between  tho  gaugo  and  earth 

b)  electrochemical  corrosion  of  tho  gouge  wire  duo  to  electrolysis 
which  causes  the  gauge  resistance  to  rise  very  considerably. 

The  effect  of  humidity  changes  may  be  summed  up  as  causing 
zero  drift. 

Calibration 

By  depressing  and  then  opening  tho  switch  in  Figure  4,  It 
oan  be  soon  whether  tho  bridge  is  balanced  correctly.  This  being 
so,  calibration  is  effected  by  hanging  known  weights  from  the  upper 
yarn  jaw.  A  period  of  approximately  20  seconds  was  allowed  between 
tho  weight  being  addod  and  tho  reading  on  tho  galvanometer  being 
taken.  At  the  end  of  this  period,  oscillation  of  tho  weight  has 
ceased  and  tho  beam  is  in  a  stoady  state.  It  is  necessary  to  allow 
time  for  the  strain  gaugos  to  roach  a  steady  temperature  before  any 
attempt  to  calibrate  is  mado.  A  period  of  10  minutes  after  the 


-  24 


initial  svitohing-on  is  considered  as  a  minimum  for  this  purpose. 
Although  care  is  taken  to  minimise  draughts  and  changes  in  humidity, 
minor  errors  due  to  these  effects  oannot  be  avoided  but  it  is  con¬ 
sidered  that  serious  errors  are  not  involved.  The  possibility  of 
coating  the  guages  with  strain-gauge  cement  as  a  waterproofing 
agent  was  considered  but  discarded  due  to  the  fact  that  the  maximum 
operating  current  would  be  reduced  by  25%. 

The  response  of  the  bridge  has  been  found  to  be  reliable  with 
a  good  linear  relationship  between  weight  applied  and  output  current 
or  scale  doflection.  It  would  appear  that  the  bridge  is  slightly 
more  sensitive  in  the  range  0  -  100  gms.  than  above  this  range, 
and  this  is  an  added  advantage.  The  reason  for  the  slight  increase 
in  sensitivity  in  the  lower  ranges  is  ascribed  to  the  fact  that 
at  or  near  balance,  any  bridge  errors  tend  to  cancel  out,  whereas 
in  the  higher  ranges  they  will  add  together. 

A  typical  calibration  curvo  is  shown  in  Figure  7. 

1.4  Instantaneous  length  measurement 

1.41  Simple  theory  of  an  olectromagnetio  transducer 
In  order  to  measure  accurately  the  increases  in  length  of 
the  yarn  specimen,  an  electromagnetic  transducer  taking  the  form  of 
a  differential  transformer  has  been  used.  It  takes  advantage  of 
the  fact  that  the  mutual  inductance  between  two  coils  changes  as 
the  permeability  of  the  medium  in  their  vicinity  alters. 
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When  a  current  is  passed  through  the  primary  coil  A  having 

an  inductance  (see  Figure  8),  an  E.M.F.  is  induced  in  the  two 

secondary  coils  B  and  C  (of  equal  inductance  L  ).  The  magnitude 

2 

of  the  induced  E.M.F.  in  the  secondary  coil  depends  upon  the  induct¬ 
ances  of  the  primary  and  secondary  coils,  their  proximity,  the 
permeability  of  the  medium  of  the  coil  centre  and  the  rate  at 
which  the  primary  current  changes.  All  these  factors  except  the 
rate  of  change  of  primary  current  aro  grouped  together  and  the 
combination  is  colled  the  mutual  inductance  of  the  circuit. 

Suppose  that  coil  A  has  turns  and  coil  B  has  N  turns  and 
that  the  coils  aro  so  close  together  that  the  whole  of  the  flux 
producod  by  the  current  in  A  links  with  coil  B.  Lot  this  flux  be 


and  tho  mutual  inductance  M  is  given  by 


$  when  the  current  in  coil  A  ie  i^.  Then  tho  solf-inductanco  of 

coil  A  is  and  tho  mutual  inductance  M  is  given  by 

11 

M  =  N2  =  —  II* 

Similarly  if  i^  flows  in  coil  B,  its  self  inductance  I*,  = 
and  M  =  Nx#  =  L,. 

h  n2 

Thoroforo  M  =  ^2.  L,  =  L~ 

*1  x  «2  ^ 

therefore  k2  =  hh  and  M  —  L^L2 

It  has  boon  assumed  that  the  flux  linkages  aro  complete  but 
in  practice  it  is  found  that  a  factor  k,  loss  than  unity,  has  to 


FIG.  8 
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be  introduced  on  the  right  hand  side  of  the  equation.  For  air- 
oored  coils  k  is  of  tho  order  of  0.05  whereas  with  completely  iron- 
cored  coils  k  can  riso  to  0.98.  Thus  it  becomes  clear  that  as  tho 
soft  iron  bar  ontors  tho  coil  assembly,  the  flux  linkages  between 
the  two  coils  increases  from  a  low  to  a  high  figure  as  the  permea¬ 
bility  of  the  medium  increases.  Tho  increase  in  flux  linkages 
produces  a  corresponding  increase  in  the  mutual  inductance  and 
therefore  a  change  in  tho  induced  voltage  in  tho  secondary  coil. 

Tho  induced  voltage  roaches  a  narimum  when  tho  bottom  of  the  iron 
bar  roaches  tho  bottom  of  tho  top  coil  B.  As  tho  bar  entors  the 
lower  secondary  coil  G  tho  mutual  inductanco  of  this  coil  begins 
to  riso  and  that  of  tho  upper  coil  to  decrease,  because  the  length 
of  tho  iron  rod  ic  oqual  to  tho  length  of  tho  secondary  coil.  A 
point  is  reached  at  which  tho  mutual  inductances  of  the  coils  are 
equal  and  tho  inducod  voltagos  are  of  equal  magnitude.  Since  the 
two  secondary  coils  aro  connected  in  series  opposition  rather  than 
series  aiding  the  induced  currents  are  in  opposite  directions  and 
so  the  galvanometer  will  road  zero  rather  than  double  tho  current 
producod  in  one  of  tho  coils.  As  tho  bar  progresses  down  the  centre 
of  the  lower  coil  thoroby  leaving  tho  top  coil,  tho  current  in  the 
galvanometer  will  again  begin  to  riso  to  a  maximum.  At  tho  balance 
point  thoro  is  a  180°  phase  change  and  this  is  clearly  seen  on  the 
galvanometor  scale. 
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L 42  Do sign  and  construction  of  a  suitable  poll 

The  following  requirements  were  borne  in  mind  when  the 
design  of  the  eoil  was  contemplated. 

a)  Maximum  sonsitivity  ovor  as  large  a  range  of  displacement 
as  possible. 

b)  Stability  to  tomporature  change. 

o)  Outsido  dianotor  1"  (limited  by  distance  between 
stations). 

d)  Ability  to  be  easily  mounted  in  a  20  station  rack. 

In  designing  inductance  coils,  it  is  found  that  for  most 
purposes  a  high  timo  constant  is  desirable  (in  other  words  a  high 
value  for  inductance  and  a  low  valuo  for  resistance).  For  ary  given 
length  and  gaugo  of  wire,  the  resistance  is  a  fixed  quantity  but 
the  inductance  can  bo  greatly  varied  depending  upon  what  shape  of 
core  is  used,  the  spacing  between  turns  and  the  number  of  turns 
usod.  In  general  the  closer  togothar  the  windings  and  the  greater 
the  number  of  turns  on  a  coil,  the  greater  will  be  its  inductance. 
Thoroforo  for  a  given  length  and  diameter  of  coil  it  would  seem 
advisable  to  uso  vory  thin  wire  and  accommodate  as  many  turns  as 
possiblo.  However,  tho  rosistanco  of  a  wire  increases  appreciably 
as  its  diameter  is  reducod  and  so  a  compromise  must  be  attained. 

From  tho  point  of  viow  of  tho  number  of  linos  of  force  botwoon  the 
primary  and  secondary  coils,  tho  closor  the  turns  are  wound,  the 
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nore  sensitive  will  bo  tho  coll  to  tho  insert  of  tho  rod. 

One  factor  which  must  not  be  ovor looked  is  the  current 
carrying  capacity  of  tho  coil.  Tho  stops  in  the  determination  of 
coil  dimensions  are  thoreforo  as  follows* 

a)  detornino  tho  maximum  voltago  and  amperage  under  which  the 

coil  will  bo  called  upon  to  oporate,  and  I^T  . 

b)  having  determined  Im/.t .  look  up  the  S.W.G.  for  the  wire  in 
question  which  has  a  current  carrying  capacity  oqual  to  or  greater 
than 

c)  having  chosen  the  S.W.G.  for  the  wiro,  find  out  the  resistance 
in  ohms  por  metro  for  this  wire. 

d)  from  %£  ,  tho  minimum  permissible  real  stance  of  the  coil  in 

IMAX 

ohms  can  bo  established. 

e)  from  this  valuo  of  resistance  and  from  tho  resistivity  in  ohns 
per  metro,  tho  minimum  length  of  wlro  can  be  calculated. 

f)  for  a  given  longth  and  diamotor  of  coil  former,  this  means  that 
the  nunbor  of  coil  layers  can  bo  calculated  assuming  that  the 
winding  of  consecutive  turns  is  as  close  as  possible. 

Dimensions  such  as  the  thickness  of  any  insulating  coating 
the  wiro  nay  have  and  tho  thicknoss  of  separating  material  between 
layers  must  bo  takon  into  account.  In  tho  coils  used,  eureka  wire 
was  chosen  on  account  of  its  low  temperature  coefficient  of  resist¬ 
ance  in  preference  to  coppor  which  it  was  f oared  would  be  subject 
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to  too  much  fluctuation  in  temperature  and  differential  heating. 

The  wire  chosen  for  both  primary  and  secondary  coils  was  30aS.W.G. 
(dia.  0.0124")  with  an  enamel  insulation  coating.  The  length  of 
the  former,  made  of  tufnol,  between  the  ond  cheeks  is  2.3/4".  4 

spacing  pieoo  to  soparato  the  secondary  coils  in  the  middle  is 
l/32"  thick.  The  diaraotor  of  the  former  is  3/8"  with  a  boro  of  l/4"» 
The  ond  cheeks  aro  l/4"  long  and  3/4"  dianotor. 

Tho  rosistanoo  of  eureka  wire  is  6*28  ohms  per  motre  and  the 
resistance  of  tho  socondary  coil  was  100  ohms.  Therefore  15.92 
motros  of  wire  were  usod.  This  was  coiled  in  throe  layers  of 
150  turns  each  with  a  layer  of  thin  tissue  papor  between  layers. 

For  the  primary  coil  1000  turns  of  30s  S.W.G.  eureka  wire  were 
wound  in  3  layurs  imnodiatoly  ovor  the  socondary  coils.  This  coil 
has  a  resistance  of  360  ohms  and  a  depth  of  winding  equal  to  or 
slightly  loss  than  that  of  tho  secondaries. 

Tho  sdLf  inductance  of  tho  coils  aB  measured  on  a  Marconi 
Universal  Bridge,  was  found  to  bo  1.65  millihenries  for  the  second¬ 
aries  and  5.6  millihenries  for  tho  primary  coil.  Tho  mutual 
inductance  between  tho  primary  and  one  socondary,  found  by  taking 
l/4  of  the  difference  betwoon  tho  combined  inductance  series  aiding 
and  series  opposition,  is  estimated  to  be  50  -  100  microhenries 
and  that  between  tho  two  socondary  coils  to  bo  10  or  20  microhenries. 
All  thoso  recordings  aro  for  tho  coil  with  air  as  the  permeable 


medium! 
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Throughout  the  dosign  of  tho  coil  assembly  tho  waight  of  tho 
soft  iron  rod  has  had  to  bo  kopt  to  a  minimum  so  that  tho  initial 
tension  on  tho  yarn  may  bo  kept  as  low  as  possiblo  and  also  that 
the  impact  forcos  imposed  upon  the  yarn  as  tho  bottom  yam  jaw  falls 
under  gravity  may  bo  minimisod.  Should  tho  need  ovor  occur  that 
tho  lowor  yarn  jaw  assembly  bo  reduced  appreciably  in  weight  while 
still  maintaining  a  similar  sonsitivity,  it  is  possiblo  that 
mumetal,  possessing  high  pornoability  and  low  hysteresis  valuos, 
could  be  used.  Unfortunately  tho  minimum  diameter  of  mumetal  rod 
commercially  availablo  at  tho  time  of  uso  was  l/4"  and  this  was 
found  to  be  extromoly  difficult  to  machine  to  a  lower  diametor 
successfully. 

1,43  Mothod  of  measuroment 

To  measure  tho  out  of  balance  current,  a  raodifiod  form  of 
the  Whoatstone  bridge  is  ueod.  (Figure  9).  In  Figuro  9a,  tho 
two  secondary  coils  are  represented  by  P  and  Q  and  the  primary 
coil  (shown  split)  by  D.  Between  the  two  secondaries  is  a  10  ohm 
variable  potentiometer  T.  From  tho  central  terminal  of  this 
potentiometer  a  lead  is  taken  to  1  terminal  of  tho  unisoleotor 
switch  and  from  tho  latter's  common  torminal  to  tho  galvanometer  G 
of  tho  U.V.  rocordor.  In  tho  other  two  arms  of  tho  bridge  are 
standard  100  ohm  resistancos.  Dubilier  high  stability  resistors 
with  a  tolerance  of  *  1$  wore  used  and  found  satisfactory.  Tho 
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primary  coil  D  is  fed  from  a  variac  which  is  connected  through  a 
switch  to  the  mains  ( 230v .  A.C.  50  cycles).  A  voltmeter  reading 
to  25  volts  A.C.  is  connects  .  across  the  primary  coi  .  and  an  ammeter 
reading  to  1. 5A.  A.C.  is  in  series  with  the  coils.  The  arrows 
placed  across  the  active  arms  of  the  bridge  represent  the  variable 
mutual  inductance  caused  by  the  change  in  position  of  the  soft  iron 
rod. 

With  the  machine  having  20  stations  it  is  necessary  for  each 
position  to  have  one  of  these  electromagnetic  transducers  and  so 
tho  20  positions  are  connected  in  parallel  and  tho  one  pair  of 
resistors  R  and  S  are  used  as  tho  other  arms  for  each  bridge.  To 
illustrate  the  circuit  threo  sets  of  coils  are  shown  connected  in 
Figure  9b.  It  is  clear  that  although  every  bridge  is  being  excited 
all  the  time  tho  out  of  balanco  cairent  from  ono  bridge  only  can  be 
measurod  at  any  ono  time. 

1,44  Calibration  procoduro 

Before  the  soft  iron  rod  is  inserted  into  tho  coil  assombly 
it  is  essential  to  chock  that  there  is  zero  current  passing  through 
tho  galvanometer  to  ensure  that  tho  bridgo  is  bolancod.  If  there 
is  any  dofloction  it  means  that  the  ratio  of  tho  rosistancos  of  tho 
coils  P  and  Q  is  not  equal  to  that  of  tho  standard  resistors  R  and 
S  (which  may  not  be  exactly  unity).  This  can  bo  romodied  by 
altering  the  appropriate  potentiometer  T  slightly.  Unfortunately, 
however,  this  procoduro  doos  not  balance  tho  difference  in 
inductance  (if  any  oxists)  botwoon  tho  secondary  coils.  Any 
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unbalance  is  accentuated  by  increase  in  voltage  and  therefore  it 
has  been  found  practical  to  use  15  v.  when  this  procedure  is  being 
carried  out  so  that  fine  balance  can  be  achieved.  As  the  working 
voltage  is  only  6  v.  any  unbalance  of  inductance  is  negligible. 

Any  differences  in  capacitive  reactances,  which  are  in  any  case 
low  at  50  cycles  frequency,  have  been  neglected. 

When  the  coils  have  been  balanced  electrically  it  is  then 
necessary  to  adjust  the  overall  position  of  the  coil  assembly  with 
respect  to  the  soft  iron  rod.  As  the  gauge  length  for  the  yarn  is 

10  cms.  and  this  is  a  fixed  amount  with  respect  to  the  top  jaw 

position,  the  middle  point  of  the  soft  iron  rod  must  coincide  with 
the  centre  of  the  coil  assembly  when  the  rod  is  inserted.  This 
ensures  an  initial  position  where  the  yarn  is  10  cms.  long  and  the 
system  is  balanced.  This  zero  adjustment  is  carried  out  by  turning 
the  thumb-screw  (refer  to  Figure  4)  which  bears  upon  a  small  piece 
of  brass  shim  cemented  to  the  bottom  of  the  lower  coil  cheek.  One 
turn  of  this  screw  produces  a  difference  of  0.025"  in  the  coil 

height.  The  cheeks  of  the  coil  are  held  by  strong  spring  clips  so 

that  although  the  thumb  screw  requires  a  considerable  torque  to  move 
the  coil,  once  the  zero  position  has  been  located  it  is  extremely 
unlikely  that  the  coil  will  slip,  causing  readjustment  to  be 
called  for. 

Calibration  of  the  coils  is  achieved  with  the  help  of  a  depth 
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micrometer  capable  of  measurable  movements  of  0,00025" •  To  the  end 
of  the  moving  head  is  locked  a  stud  which  supports  a  4"  long  rectang¬ 
ular  brass  bar,  projecting  au  right  angles  to  the  ax_s  of  the  micro¬ 
meter.  From  this  bar,  another  small  brass  rod,  with  a  narrow  flat 
end  portion  fits  into  the  lower  yarn  jaw,  which  holds  the  insert  for 
the  coil  assembly.  The  micrometer  itself  is  held  rigidly  in  a  damp 
fastened  to  a  retort  stand.  The  4"  brass  bar  is  able  to  be  rotated 
through  360°  and  this  fact  facilitates  the  alignment  of  the  micro¬ 
meter  head  and  the  yarn  jaw.  The  amount  of  looseness  of  the  bar  is 
in  the  region  of  0.00012"  at  the  freo  end  which  is  considered 
negligible  when  measurements  in  stages  of  0.025"  are  being  taken. 

The  calibration  curve  for  one  station  is  shown  in  Figure  10. 

Tho  head  of  the  micromotor  was  moved  downwards  in  stops  of  0 .050" 
and  the  reading  on  tho  scale  of  tho  U.V.  recorder  taken.  As  it  is 
an  A.C.  signal  which  is  boing  moasurod,  the  reading  taken  is  twice 
tho  amplitude  of  tho  A.C.  wave. 

Taking  tho  6  v.  curvo  it  is  clear  that  as  the  iron  rod  enters 
the  upper  secondary  coil  the  flux  linkages  bogin  to  incroaso  slowly 
at  first,  then  at  a  steady  rato  until  they  reach  a  maximum  when  tho 
iron  core  is  totally  in  the  upper  coil.  The  initial  slow  rise  is 
probably  due  to  there  being  a  considerable  loss  in  tho  number  of 
linos  of  forco  near  the  top  of  the  coil  which  actually  link  with 
the  secondary  coil.  As  the  iron  rod  progresses  into  tho  lower  coil 
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it  is  evident  that  the  transducer  shows  an  improvement  in  both 
sensitivity  and  linearity.  Both  those  facts  aro  probably  due  t© 
there  being  little  or  no  flux  loss  noar  the  contre  of  the  coil 
assembly.  Within  0.3"  on  either  sido  of  balance  there  is  a  good 
linear  relationship,  any  movemont  of  the  rod  being  magnified  21 
times  approximately. 

By  increasing  the  voltage  to  12  v.  the  output  current  is 
increased  twofold  but  the  galvanometer  scale  Is  not  large  enough  to 
contain  the  whole  movemont  of  the  rod  as  the  yarn  extends  to  break. 

By  decreasing  the  voltage  to  3  v. ,  full  use  is  not  being  made 
of  the  28  cms.  galvanometer  scale. 

If  it  is  known  that  tho  yarn  under  tost  is  not  likely  to 
extend  very  much  (for  example  nylon  or  Terylene  at  low  stroke 
values),  more  accurate  measurements  of  change  in  length  can  be  made 
on  tho  12  v.  scale  but  for  most  measurements  tho  6  v.  scale  is  used. 
The  discontinuity  of  the  curvo  in  tho  lower  left  hand  corner  of  the 
calibration  curvo  is  explained  by  the  fact  that  as  the  iron  rod 
leaves  tho  coil  at  tho  bottom,  the  lower  yarn  jaw  comes  in  contact 
with  the  electromagnetic  clamp  and  so  the  rod  is  not  allowed  to 
leave  tho  coil  completely. 

It  has  been  assumed  that  it  is  advisablo  to  start  tho  test  from 
the  balance  point  and  only  use  tho  portion  of  the  curvo  bolow  this 
point  but  to  make  full  use  of  tho  linear  portion  of  tho  curvo  it  is 
bottor  to  start  at  a  point  0.3"  above  balanco.  Using  this  system, 
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however,  there  1b  tho  disadvantage  that  near  tho  balance  point, 
uncertainty  arises  as  to  which  side  of  balance  is  being  used  and 
there  is  no  foolproof  methou  of  ascertaining  this. 

For  yarns  such  as  viscoso  rayon  and  acetate  rayon  which  have 
a  large  initial  extension  during  the  first  100  cycles,  this  method 
can  bo  profitably  used. 

Due  to  small  discrepancies  between  the  sets  of  coils  and  tho 
difference  in  permoability  of  the  soft  iron  rods  it  is  necessary 
to  calibrate  each  coil  assembly  separately,  thus  necessitating  20 
calibration  curves.  It.  has  boon  found,  however,  that  tho  maximum 
deflection  of  tho  galvanomotor  spot  varios  botwoon  26  and  29  cms. 
on  tho  6  v.  scalo  and  it  is  folt  that  this  is  accoptablo  consider¬ 
ing  tho  many  unknown  factors  prevailing.  Among  those  factors  may 
be  montionod  addy  current  losses  and  the  possibility  of  considerable 
variation  in  permoability  from  one  rod  to  the  next. 

1. 5  Automatic  break  detection 

In  order  to  obtain  a  satisfactory  statistical  sample  of 
breaking  times,  it  is  nocessary  for  each  yarn  to  be  equipped  with 
some  form  of  break  detector.  As  mentioned  in  the  last  annual  report 
it  is  unadvi sable  to  actually  touch  the  yarn  bocause  this  involves 
the  possibility  of  damage  to  tho  surface  filaments  which  can  result 
in  promature  fatigue.  To  use  photo-electric  cells  on  each  yarn  is 
expensive  and  al30  open  to  error  due  to  the  thin  beam  of  light 
required.  Duo  to  the  necessity  to  remove  any  slack  produced  in  tho 


yarn  by  allowing  the  lower  yarn  jaw  to  fall  under  gravity,  the 
operation  of  a  knock-off  mechanism  for  break  detection  is  consider¬ 
ably  simplified.  As  is  shown  in  Figure  4>  a  microswitch  arm  is 
placed  diroctly  below  tho  centre  of  the  coil  assembly  and  when  the 
yam  breaks  the  iron  rod  falls  and  depresses  this  arm  and  opens  the 
appropriate  counter  circuit  (see  Figure  ll). 

The  weight  of  tho  lowor  jaw  assembly  is  only  8.5  gms.  so  tho 
microswitch  must  bo  designod  to  operate  roliably  on  slightly  lower 
loads  than  this  figuro.  Tho  microswitch  BZ-2RW84N15,  manufactured 
by  Honoywoll  Controls  Ltd.  was  the  only  microswitch  to  bo  found 
satisfactory.  This  switch  roquiros  an  operating  forco  of  7  grams 
weight  for  it  to  work  roliably  over  long  periods.  Tho  20  micro- 
switches  are  mounted  on  two  long  bars  and  aro  locatod  bonoath  their 
respective  coils.  As  can  bo  aeon  from  Figuro  11,  one  load  from 
oach  microswitch  is  taken  to  the  appropriate  counter  and  the  other 
loads  have  a  common  junction  which  is  an  output  D.C.  terminal  of 
the  rectifier.  A  high  stability  television  rectifier,  Automat 
TV. 97,  operating  on  up  to  240  v.  at  a  current  rating  of  200  mA  was 
usod. 

Tho  counters  usod  aro  £,  digit  rosettablo  Hochschlor  olootro- 
magnotic  counters,  tho  British  agonts  for  which  are  Lancashire 
Dynamo  Ltd.,  Rugeloy,  Staffs.  Theso  counters  possess  numerous 
advantages,  ono  being  that  tho  space  thqy  occupy  is  a  minimum  due 
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to  the  fact  that  they  are  manufactured  to  be  capable  of  being  inter¬ 
locked  to  form  blooks  of  counters  either  vertically  or  horizontally. 
1.6  Automatic  recording  circuit 

Naturally  it  is  preferable  if  the  machine  will  produoe  results 
even  if  the  operator  is  absent  and  the  design  of  the  machine  has 
incorporated  facilities  for  achieving  this. 

The  uniseleotor  switch,  mentioned  earlier  in  1.3,  has  25 
positions  arranged  in  a  semi-circle  which  are  contacted  by  a  phosphor 
bronze  wiper  arm  driven  from  a  spindle,  on  one  end  of  which  is  a 
ratchet  and  pawl  to  enable  steps  from  one  contaot  to  the  next  to  be 
made.  In  normal  use,  the  uniselector  is  moved  from  one  position  to 
the  next  by  the  operation  of  a  relay  but  it  was  found  more  convenient 
to  drive  the  operating  spindle  directly  from  a  synchronous  motor  so 
that  the  period  of  rotation  of  the  wiper  is  accurately  known.  A 
small  oollar  with  8  B.A.  grub  screws  serves  to  link  the  spindle  from 
the  motor  with  that  of  the  "nisei ector.  A  Sangamo  Weston  synchronous 
motor  making  one  revolution  in  two  minutes  was  used.  This  motor 
has  an  operating  torque  of  850  gram.cms.  By  switching  on  this  motor 
at  an  appropriate  time  for  a  set  period  of  time,  a  record  of  the 
instantaneous  length  and  of  the  tension  in  each  of  the  20  yarns  can 
be  obtained  consecutively. 

The  method  of  switching  on  the  motor  at  the  appropriate  time 
was  to  incorporate  a  microswitoh  in  the  oircuit  of  the  synchronous 


motor.  This  microswltoh  is  connected  "normally  open".  Another 
synchronous  motor  making  one  revolution  in  one  hour  has  an  arm  fixed 
to  its  spindle  vhioh  is  so  arranged  as  to  wipe  the  microswitoh 
extension  arm  for  a  period  of  2  minutes.  The  setting  of  the  arm 
in  relation  to  the  microswitoh  is  clearly  critical  as  slight  errors 
mean  that  the  starting  point  is  changed  for  each  successive  hourly 
test.  Another  arm  from  the  spindle  of  the  one  hourly  synchronous 
motor  depresses  another  microswitoh  to  start  the  paper  delivery 
from  the  U.V.  recorder.  This  microswitoh  is  connected  "normally 
open"  and  when  closed,  the  "shot"  remote  control  circuit  is  shorted 
and  paper  is  automatically  delivered.  The  amount  of  paper  delivered 
can  be  regulated  from  0-3  metres  in  steps  of  10  cms.  Once  the 
shot  control  has  been  shorted  paper  will,  however,  continue  to  be 
delivered  in  the  pre-set  lengths  until  the  microswitoh  arm  is 
released  and  contact  is  broken.  Therefore  it  is  necessary  to  have 
this  microswitoh  on  for  a  very  short  time  before  and  after  the  main 
operation.  It  is  allowable  for  the  microswLtch  to  open  just  before 
the  main  operation  ends  because  if  the  paper  speed  has  been  chosen 
correctly,  sufficient  paper  will  be  produced  to  finish  the  test. 

The  whole  of  this  automatic  recording  equipment  is  governed  by 
a  switch  on  the  main  control  panel.  Should  the  uniseleotor  wiper 
be  required  to  move  manually  only  the  8  B.A.  grub  screw  on  the  motor 
spindle  must  be  loosened. 
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1.7  Operating  procedure 

Having  switched  in  the  strain  gauge  circuit  and  the  inductanoe 
bridge  circuit,  at  least  20  ..linutes  should  be  allows^  to  let  the 
strain  gauges  come  to  a  constant  temperature.  In  this  time  the 
yarns  can  be  mounted  as  follows: 

1.  Rotate  the  main  driving  shaft  until  the  position  is  reached 
when  the  electromagnetic  clamp  has  just  closed. 

2.  Set  the  uniselector  switch  on  the  contact  number  required 
(say  No.  20). 

3.  Insert  the  10  cms.  gauge  bar  into  the  top  damp. 

4*  Insert  the  appropriate  lower  jaw  assembly  into  the  coil 
No.  20. 

5.  Affix  the  lower  jaw  to  the  gauge  bar. 

6.  Close  tho  oloctromagnotic  clamps  by  switch. 

7.  By  observing  tho  galvanomoter  spot  turn  the  thumb  screw 
under  coil  No.  20  until  balance  (or  any  other  required  position)  is 
attained.  Once  sot  this  scrow  should  not  need  to  bo  adjusted  unless 
a  different  starting  position  is  desired. 

8.  Take  out  the  gauge  bar. 

9.  Insort  tho  specimen  from  the  bobbin  or  other  yarn  package. 

10.  Open  tho  electromagnetic  clamps. 

Position  No.  20  is  now  mounted  and  tho  uhole  procedure  is 


repeated  for  No.  19,  etc 
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Tho  initial  tensioning  of  the  yarn  is  possibly  open  to 
criticism,  the  method  employed  being  to  clan?)  tho  yarn  in  the 
lower  jaw  (the  clamps  being  on),  to  pass  the  yarn  through  the  top 
jaw  and  to  keep  the  yarn  just  taut  as  it  comes  off  the  package. 

The  top  jaw  is  thon  closed.  This  method,  while  ensuring  that  tho 
yarn  is  not  slack  between  tho  jaws  does  not  impose  a  definite  fixed 
initial  tension.  Tho  tension  j-upos^d  is  estimated  to  bo  in  tho 
region  of  3  grams.  Tension  in  the  yarn  is  developed,  however,  when 
the  electromagnetic  clamps  are  opened  so  that  the  next  position 
can  be  dealt  with.  This  tension  is  8.5  grams  assuming  that  the 
lower  jaw  assembly  hangs  freely.  Clearly  as  tho  yarns  are  boing 
mounted,  some  will  have  had  this  weight  acting  on  them  for  longer 
periods  than  others  but  providing  the  last  yarn  to  be  mounted  is 
given  a  short  time  of,  say,  2  minutes  to  bo  tensioned  under  tho 
weight  of  its  lower  jaw  assembly,  any  effect  between  stations  due 
to  initial  tension  should  bo  negligible.  A  tonsion  of  8.5  grams 
is  well  below  the  yield  load  for  the  yarns  in  question  and  tho 
extension  imposed  is  very  small. 

1. 8  Some  initial  problems 

It  was  found  that  as  tho  electromagnetic  clamps  opened  and 
the  lower  jaw  assembly  took  up  a  new  position,  the  yarn  was  subject 
to  an  impact  force  of  approximately  15  -  20  grams.  This  force  was 
not  considered  excessive  but  steps  were  taken  to  reduce  it  by  damping. 
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Tho  glass  tubo  in  \Aiich  the  soft  iron  rod  is  free  to  slido  was 
sealed  off  and  half -filled  with  various  liquids.  Liquid  paraffin 
and  glycerine  were  both  triou,  the  latter  proving  moi  e  successful 
due  to  its  higher  viscosity  (8.5  as  against  0.02  c.g.s.  units).  Por 
a  liquid  of  still  greater  viscosity,  a  mixture  of  benzene  and 
polystyrene  could  bo  used.  It  was  felt,  however,  that  any 
advantage  to  be  gained  from  damping  would  bo  offset  by  the  delicate 
work  needed  to  readjust  the  break-detecting  micro switches.  This 
readjustment  would  entail  fitting  a  fine  sprang  to  balance  the 
weight  of  the  glass  tube  and  liquid.  The  tube  would  have  to  rest 
on  the  microswitch  arm  all  tho  time  without  depressing  the  switch 
itself.  In  tho  initial  tests  conducted,  this  improvement  has  not 
been  found  necessary  but  if  future  results  suggost  its  value,  it 
could  be  incorporated. 

Another  previously  unforeseen  disadvantage  of  tho  clamping 
systom  is  tho  liveliness  and  potential  torsional  energy  of  a  twisted 
yarn  as  it  is  subjected  to  repeated  oscillations.  When  the  clamp 
is  opened  the  yarn  has  a  tendency  to  untwist;  to  counteract  this 
a  needle  which  slides  between  two  upright  guides  is  attachod  to  tho 
lower  jaw  assembly  at  right  anglos  to  tho  yarn  and  also  at  right 
angles  to  the  lino  of  clamping.  This  restrains  tho  yarn's  motion 
to  approximately  l/lOth  of  a  revolution,  which  can  be  neglected* 
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CHAPTER  II 

Remits  and  Djeouasion 

2*1  Wave  form  of  the  Imposed  cycle 

The  wave  form  of  the  Imposed  oscillation  given  to  the  top  jaw 
is  as  shown  in  Figure  12  and  as  can  bo  seen  approximates  to  a  sine 
wave  very  closely.  The  curve  was  obtained  by  having  a  lower  jaw 
assembly  attaohed  rigidly  to  the  corresponding  top  jaw,  thereby 
lotting  the  motion  of  the  top  jaw  bo  represented  by  the  movement  of 
the  soft  iron  rod  in  the  coil  assembly.  As  the  motion  is  confined 
to  a  stroke  of  0.24  cms.  amplitude  the  portion  of  the  ourvo  just 
above  the  balance  point  was  usod  and  as  this  portion  is  linear,  the 
ourvo  produced  is  a  good  representation  of  the  movement  of  the  top 
jaw.  The  rocordod  wave  is  of  courso  an  A.C.  signal.  If  the  curve 
is  closely  scrutinized  there  are  slight  departures  from  the  true 
sine  wave;  those  discrepancies  in  the  wave  form  have  been  theor¬ 
etically  dealt  with  in  1.1  and  in  practice  similar  results  have 
been  found  to  those  predicted. 

2.2  Results 

2.2.1  Typical  trapes 

A  trace  from  tho  U.V.  rooordor  is  reproduced  in  Figure  13. 

As  can  bo  seen,  throe  galvanometers  are  being  usod,  one  for  length 
measurements  (A.O.  trace  50  c/s),  one  for  tension  measurements 
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(modified  D.C.  sine  vavo)  and  a  third  as  a  timing  trace.  The 
frequency  of  oscillation  on  this  trace  is  61  cycles  per  minute  and 
for  easo  of  reproduction  tho  A.C.  signal  has  been  reduced  on  the 
diagram  to  one  third  of  its  actual  frequency. 

When  tho  oloctromagnotic  clamps  open,  indicated  by  tho  sharp 
fall  in  tho  timing  trace,  it  can  bo  soon  that  thore  is  a  short  time 
lag  (approximately  70  milisoconds)  boforo  tho  soft  iron  rod  falls 
to  its  new  position.  This  is  also  shown  up  by  tho  impact  tension 
on  tho  yarn  at  this  point  which  amounts  to  approximately  15  grams. 
Tho  tension  on  tho  yarn  then  drops  to  8  grams,  tho  weight  of  the 
lower  jaw  assombly.  Tho  oloctromagnotic  clamps  then  close  and 
there  is  anothor  short  time  lag  boforo  tho  tension  of  tho  yarn 
begins  to  increase  on  the  upstroke  of  tho  oscillating  movement. 

Tho  two  time  lags  aro  caused  by  tho  finite  length  of  time  required 
for  tho  hard  rubber  jaws  of  tho  oloctromagnotic  clamp  to  contact 
and  grip  tho  brass  soction  of  tho  lower  jaw  assembly. 

Tho  anplitudo  of  the  A. C. signal  does  not  alter  while  the  yarn 
is  boing  extended;  if  this  wero  not  tho  caso  slippage  in  tho  clamp 
would  bo  provalont  and  this  fault  would  havo  to  be  rectified 
immediately. 

2.2.2  Results  and  discussion 

Figuro  14  shows  tho  growth  in  length  during  cycling  of  a 
viscose  and  an  acotate  sample.  Both  yarns  are  of  vory  low  twist 
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factor  and  both  wore  tested  at  the  same  imposed  stroke  length  of 
2«4$*  Both  curves  show  a  sigmoidal  shape  up  to  the  breaking  point. 

For  the  viscose  yarn,  the  greater  part  of  the  increase  in 
length  occurs  between  10  and  1000  cycles  whereas  the  acetate  yarn 
begins  to  increase  rapidly  only  after  the  first  100  cycles.  If 
the  curves  had  boon  depicted  on  a  scale  graph  rather  than  on  log 
paper  the  sigmoids  would  bo  a  lot  flatter  in  both  casos. 

Figure  15  shows  the  development  of  the  stress  in  the  yarn  as 
it  is  continuously  cyclod.  In  both  yarns  an  increase  in  the  tension 
is  developed,  this  being  more  noticeable  in  the  case  of  the  viscose 
yarn.  During  the  first  10  cycles  there  is  considerable  scatter  in 
the  results  for  peak  tonsion  and  this  is  difficult  to  account  fori 
one  possible  explanation  is  that  the  yarn  still  possesses  good 
elastic  properties  and  in  tho  short  space  of  timo  when  tho  clamps 
are  oponod,  a  cortain  amount  of  stress  relaxation  takes  placo. 

Tho  number  of  cyclos  to  break  for  the  viscose  yarn  was  found 
to  bo  20,208  and  for  tho  acetate  yarn  3365  cyclos.  Five  other 
tests  were  conducted  with  acotato  yams  and  tho  number  of  cycles  to 
break  was  2819,  1547,  2015,  2614  and  3466  cycles  respectively. 
Considering  tho  many  variables  associated  with  a  fatigue  test, 
this  variability  in  fatigue  lifo  was  considered  acceptable. 

Further  tosts  aro  in  progress  and  tho  results  will  bo  available 
in  the  first  quarterly  report  (Docenber,  1962). 
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3.1  Introduction 

Previous  studies  of  the  untwisting  of  yarns,  coated  on  the 
outside  with  a  coloured  paste,  havo  indicated  that  yarn  may  be 
twisted  like  a  flat  ribbon.  To  aid  in  the  interpretation  of  yarn 
structure,  some  large-scale  models  were  made  and  described  in  the 
last  Annual  Roport  (reference  on  page  111).  The  most  interesting 
of  these  were  rubber  strips,  and  a  more  extensive  study  of  the 
twisting  of  flat  strips  of  rubber  has  been  carried  out  in  the 
current  year. 

At  first,  models  wore  made  by  twisting  rubber  strips  held 
between  the  two  jaws  of  a  twist  toster.  The  Jaws  of  the  twist 
tester  wero  fixod  in  position  and  thus  the  modols  were  made  under 
the  condition  of  constant  length.  Throe  different  ribbon  widths 
(l  cm.,  0.7  cm.  and  0.4  om.)  wore  used.  Two  distinct  forms  of 
structure  were  obsorvedi  a  twisted  ferm  appearing  at  low  twists, 
and  a  wrapped  form  appearing  only  at  high  twists.  In  the  last 
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annual  report  of  this  work  it  was  mentioned  that  the  wider  strips 
start  wrapping  at  a  lower  number  of  turns  per  unit  length  than  the 
narrower  strips.  Vary  littlu  work  was  done  at  that  ^tage,  but,  it 
seemed  likely  that  thore  must  bo  a  certain  amount  of  minimum  twist 
for  different  denier  yarns  before  it  starts  getting  a  wrapped 
structure  as  shown  in  Figure  73B  of  the  last  report.  Later  on 
■odels  were  made  out  of  various  widths  of  ribbon  and  also  at  constant 
tension  to  investigate  in  greater  detail  into  this  sort  of  enlarged 
structure. 

3.2  TwisHagof  rubber  strips 

Observations  were  made  on  2.5  mm.,  4  mm.,  5  mm.,  6  mm.,  7.5  mm., 
8  mm.,  and  1  cm.  wide  rubber  strips.  The  strips  were  twisted  under 
two  different  conditions: 

(i)  Twisting  at  constant  length  -  by  gripping  the  rubber  strips  in 
the  two  jaws  of  a  twist  tester  and  twisting  them,  the  two  jaws 
being  screwed  in  position. 

(ii)  Twisting  at  oonstant  tension  -  by  gripping  one  end  of  the 
rubber  strip  in  the  rotating  jaw  of  a  twisting  head,  while  the 
other  end  was  gripped  in  the  jaw  of  a  perspex  trolley  sliding 
on  rails,  so  that  contraction  in  length  could  take  place  as 
twist  was  introduced  in  the  strip.  A  tensioning  weight  could 
be  hung  from  the  other  end  of  the  trolley.  The  assembly  of 
twisting  head  and  trolley  on  rails  was  specially  made  for  this 


purpose 
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Four  different  types  of  observations  were  madet 

(a)  a  study  of  the  distribution  of  twist  in  the  strip,  specially 
after  wrapping  has  started.  For  this  purpose  the  total  nueber  of 
turns  introduced,  the  number  of  turns  at  which  wrapping  occurs, 

the  length  of  strip  wrapped,  and  the  niaber  of  turns  in  the  wrapped 
part  were  observed.  In  the  case  of  twisting  under  oonstant  tension 
the  position  of  the  trolley  along  the  scale  was  observed.  This 
would  give  any  contraction  in  length  taking  place  during  the 
introduction  of  twist. 

(b)  a  study  of  the  effect  of  twist  on  the  helix  angle.  For 
this  purpose  the  helix  angle  was  measured  after  each  turn  of  twist 
was  introduced,  and  when  the  wrapping  had  started  the  helix  angle 
was  measured  in  both  twisted  and  trapped  part. 

(c)  a  study  of  the  effect  of  length  of  strip  on  the  turns  per 
unit  length  at  which  wrapping  occurs.  Different  lengths  of  eaoh 
particular  width  of  rubber  strip  were  twisted  and  the  exact  number 
of  turns  at  which  jamming  occurred  noted.  The  lengths  of  strip 
used  were  25  oms.,  20  cms. ,  15  ous. ,  10  cms. ,  and  5  cos. 

(d)  a  study  of  the  effect  of  twisting  tension  on  the  helix 
angle  and  turns  per  unit  length  at  which  wrapping  oeeurs.  The 
strips  were  twisted  under  tensions  of  2.5  gms. ,  5.0  gms.,  7.5  gms. , 
10  gms.,  12.5  gms.  and  15  gms. 


Description  of  rubber  twisting  apparatus 

The  apparatus  for  twisting  rubber  strips  at  constant  tension 
consists  mainly  of  a  trolley,  movable  on  a  pair  of  rails  and  a 
twisting  head.  The  rails  were  made  out  of  l/4n  polished  mild 
steel  rods  and  ware  mounted  on  a  woodon  base.  A  metre  scale  was 
screwed  on  to  this  woodon  base  parallel  u  the  length  of  the  rails. 
On  one  end  of  this  wooden  base  was  fixed  a  vertical  wooden  block. 

A  hole  was  drilled  into  this  wooden  block  and  a  brass  collar  was 
pushed  into  this  hole.  Through  this  collar  was  passed  a  spindle, 
one  end  of  which  was  made  into  a  jaw  (similar  to  the  jaw  of  a 
twist  tester,  as  shown  in  Figure 3J&),  and  on  the  other  end  (away 
from  the  rail  sido)  was  attachod  a  handle  for  imparting  rotational 
movement  to  t’.o  jaw.  A  circular  scale  was  attachod  to  this  handle 
and  was  mounted  on  the  spindlo  so  that  the  number  of  full  rotations 
as  well  as  fractions  of  rotation  gi^on  to  the  jaw  could  be  measured. 
A  pointer  fixed  on  the  \roodon  block  would  read  the  exact  number  of 
rotations  givon  to  the  jew.  Figure  3.1(b) 

To  reduce  the  frictional  off cob  of  the  trolley,  it  is  very 
desirable  to  have  the  troilc  /•  as  light  as  possible  and  the  wheels 
attached  to  it  as  frictionlesn  as  it  could  be.  For  this  purpose 
the  trolley  was  mado  out  of  l/8"  and  l/l6"  thick  perspex  sheets. 

The  whoels  usod  havo  ball  bearings  and  wore  found  to  be  quito  suit¬ 
able  for  our  purpose.  A  hook  alao  cade  of  perspex  was  attached  to 
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the  other  end  of  the  trolley  to  whioh  a  string  oould  be  attached. 
The  string  was  passed  over  a  frictionless  pulley  at  the  other  end 
of  the  wooden  base  and  weights  oould  bo  hung  freely  on  this  end 
of  the  string.  Thus  by  hanging  different  weights,  varied  tensions 
for  twisting  the  rubber  strips  could  bo  achieved.  A  pointer  was 
attached  to  the  trolley  to  give  its  position  on  the  scale' attached 
on  the  wooden  base  board,  enabling  contraction  to  be  measured. 

In  order  to  keep  the  helix  angle  measuring  instrument  always 
parallel  to  the  length  of  the  strip,  guide  rails  were  mounted  on 
the  wooden  base  board.  These  guide  rails  wore  made  out  of  wooden 
strips  and  were  fixed  between  the  rails  and  parallel  to  it  as 
shown  in  Figure  3.1(a) 

For  measuring  the  helix  angle  a  circular  perspex  protractor 
was  mounted  on  another  circular  transparent  perspex  sheet  by  means 
of  a  screw.  This  screw  was  tightened  at  the  centre  of  the 
protractor  and  the  porspox  shoet.  Thus  a  relative  rotational 
movement  could  bo  given  to  the  protractor  on  the  circular  perspex 
sheet.  Two  diamotrical  lines  perpendicular  to  each  other  were 
marked  on  the  circular  perspex  sheet.  This  assembly  of  the 
protractor  and  circular  perspex  sheet  was  mounted  on  a  speoial 
type  of  stand  so  that  the  diametrical  line  on  the  perspex  sheet 
oould  be  brought  on  top  of  the  rubber  strip  (held  between  the 
rotating  jaw  of  tho  twisting  dovico  and  tho  jaw  on  the  trolley), 
and  made  parallel  to  the  axis  of  rotation  of  tho  strip.  The  stand 


for  mounting  the  protractor  consists  of  a  rectangular  framo  as 
shown  in  Figure 3. 2.  The  frame  was  made  out  of  two  vertical 
circular  perspex  rods  and  two  rectangular  horizontal  strips.  The 
framo  itself  in  its  turn  was  mounted  on  a  vertical  bar,  the  base 
of  whioh  was  made  into  a  rectangular  block  of  the  same  size  as  to 
fit  into  the  groove  of  the  guide  rails.  Thus  the  whole  assembly 
of  the  protractor  could  be  slid  along  the  longth  of  the  rubber 
strip  and  helix  angle  measured  at  different  positions.  Tho 
protractor  and  the  oiroular  perspex  sheet  unit  were  mounted  on 
the  framo  by  means  of  two  threaded  bars  from  the  top  horizontal 
strip  of  the  frame.  Nuts  were  used  in  pairs  to  adjust  the  height 
of  protractor  from  the  bottom  rectangular  strip.  The  rubber 
strip  was  passed  between  tho  protractor  and  tho  bottom  strip  of 
the  frame.  While  measuring  tho  helix  angle  for  thin  rubber  strips 
tho  protractor  could  bo  brought  down  nearer  to  the  strip  to 
measure  tho  holix  angle  accuratoly.  Slots  were  made  on  the  top 
horizontal  bar  of  tho  frame  to  observe  the  readings  accurately. 

For  measuring  the  holix  angle  tho  0°-180°  lino  on  tho 
protractor  was  mado  to  coincido  with  ono  of  the  diametrical  lines 
on  the  porspax  sheet  and  tho  othor  diametrical  line  perpendicular 
to  the  previous  one  was  sot  parallel  to  the  axis  of  tho  rubber 
strip  before  twist  was  imparted.  Aftor  the  twist  was  introduced, 
the  0°-180°  line  on  the  protraotor  was  brought  to  coincido  with 
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the  twisted  edge  of  the  strip.  The  angle  between  this  diametrioal 
line  on  circular  perspex  sheet  and  the  0°-180°  line  on  the  pro¬ 
tractor  gives  the  helix  angle,  and  could  directly  be  measured. 

A  magnifying  glass  was  used  over  the  instrument  to  measure 
the  helix  angle  accurately. 

3.3  Measurement  of  strip  properties 

Torsional  Modulus  -  The  statical  method  of  applying  a  couple 
to  the  rubber  strip  by  means  of  a  mass  supported  by  a  string  wound 
round  a  wheel  was  used.  The  apparatus  was  specially  designed  for 
this  purpose  to  suit  the  material  like  rubber,  and  is  explained 
below: 

Apparatus  for  measuring  torsional  modulus.  -  A  jaw  for  gripping 
the  rubber  strip  was  made  out  of  perspex  and  was  mounted  on  one  end 
of  a  l/8th  inch  silver  steel  rod.  This  steel  rod  was  then  passed 
through  two  ball  bearings  which  in  their  turn  wero  mounted  on  a 
bracket  as  shown  in  the  Figure  33. A  pulley  made  of  thin  plywood  was 
slipped  on  to  the  stool  rod  and  screwed  in  position  as  shown  in 
Figure  3.3(a).  Light  materials  like  perspex,  plywood  and  l/8th  inch 
steel  rod  wero  used  to  keop  the  weight  of  the  twisting  unit  as 
small  as  possible.  To  avoid  any  frictional  force  acting  on  the 
spindle  of  tho  twisting  unit,  during  the  rotation  of  the  jaw,  the 
spindlo  was  mounted  on  ball  bearings. 

Tho  whole  twisting  unit  mentioned  above  was  mounted  on  one  end 
of  a  long  wooden  board  which  had  a  pair  of  rails  running  along  the 
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length  of  the  board.  A  clamp  was  mounted  on  those  rails  which 
oould  bo  slid  on  these  rails  and  could  be  screwed  at  any  position 
to  have  varying  length  of  specimen  between  the  twisting  jaw  and 
the  clamp.  A  wooden  scale  was  screwed  parallel  to  the  rails,  as 
shown  in  Figure  33(b),  to  measure  the  length  of  specimen  at  any  time 
during  the  experiment. 

Determination  of  the  torsional  modulus.  -  The  rubber  Btrip  is 

clamped  between  the  two  jaws  of  the  twisting  unit  such  that  there 

is  no  twist  in  the  rubber  strip.  Whon  a  mass  M  gms.  is  fastened 

on  to  the  string,  and  it  is  allowed  to  drop,  the  wheel  will  revolve 

till  the  couple  due  to  the  elasticity  of  the  rubbor  strip  balances 

the  couple  due  to  the  mass  M.  If  the  radius  of  the  wheel  be  oms. , 
1  2 

this  couple  is  MgR  dyne- oms. ,  whore  g  cm.  por  seo  is  the  acceler¬ 
ation  due  to  gravity. 

If  the  length  of  the  strip  be  1^  cms.  and  n^be  the  number  of 
turns  introduced  into  it  before  the  internal  oouple  balances  the 


applied,  then  from  equation 


(3.2) 


E  =  m1  .  (3.1) 

or  V  siMgR1/,  .  i  .  (3. 

/  2  TIJ  ^dT 

Thus  measuring  <^,  np  b,  and  and  knowing  the  value  of  M, 
the  torsional  modulus  can  bo  oaloulmted. 


53 


Banding  Modulus 

To  determine  the  bending  modulus  of  rubber  strip,  the  principle 
of  determining  the  bending  length  of  fabrics  for  estimating  their 
flaxural  rigidity  was  used. 

Apparatus. for  measuring  bending  length 

(22) 

A  fixed  angle  flexometer  was  used  for  this  purpose.  The 
essential  features  of  the  fixed-angle  flexometer  are  shown  in 
Figure  (Refer  J.T.I.,1959,  P772) 

On  the  horizontal  platform  P  rests  a  slide  S  graduated  in 
bending  length  in  cm.  When  the  front  edge  of  the  slide  coincided 
with  the  front  edge  of  P,  the  zero  the  scale  on  S  coincides  with  a 
datum  line  D  on  the  instrument.  Two  sighting  lines  and  passing 
through  the  upper  forward  edge  of  P  and  inclined  at  an  angle  of 

•  O 

4I2  below  the  horizontal,  are  inscribed  on  the  transparent  side 
pieces  of  the  instrument.  The  under  surface  of  S  is  covered  with 
rubber  and  the  upper  surface  of  P  is  polished  so  that,  when  S  is 
moved,  it  will  oarry  forward  a  specimen  placed  between  the  slide 
and  the  surfaco  P.  The  weight  of  the  slide  should  be  sufficient 
to  keep  the  specimen  flat  and  in  close  contact  with  the  upper 
surface  of  P. 

Determination  of  bending  modulus 

A  rectangular  strip  of  the  specimen  is  supported  on  a  hori¬ 
zontal  platform  in  a  direction  perpendicular  to  one  edge  of  the 
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platform.  The  strip  is.  traversed  in  the  direction  of  its  longth  so 
that  an  increasing  part  overhangs  and  bends  down  under  its  own  weight* 
The  length  of  the  overhanging  part  of  the  specimen  is  noted  when 
the  tip  of  the  specimen  has  readied  a  plane  passing  through  the 
edge  of  the  platform  and  inclined  at  an  angle  41^°  below  the 
horizontal. 

The  bending  length  is  obtainod  directly  from  this  observation. 

The  bending  modulus  is  calculated  from  the  formula  given  in  the 
„  (23) 

British  Standards  Handbook  and  is  explained  below. 

If  ~\j>>  be  the  Flexural  Rigidity  and  q  be  the  bending  modulus 

then 

7  3 

uj  =  wo  gm.  cm. 

where  w  is  the  weight  of  the  specimen  in  grammes  per  square 
centimetre  and  o  is  the  bending  length  in  cms. 

r\ 

and  the  Bending  Modulus  q  =  gnu/cm  .  (3.3) 

where  d  is  the  thickness  of  $ho  material  in  cms. 

Comparison  of  bending  modulus  with  Young* s  modulus 

The  Young' s  modulus  of  the  specimen  was  also  moasured  cm  the 
Instron  machine  to  comparo  the  bending  modulus  of  the  material 
(rubber)  with  its  Young's  modulus  and  seo  whothor  tho  Young's  modulus 
values  could  bo  used  for  calculations  of  energies,  etc.  in  place  of 
bending  modulus. 


It  was  observed  that  thoro  was  very  little  difference  in  the 
values  of  bonding  modulus,  calculated  from  tho  bending  length  method, 
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from  the  Young's  modulus,  determined  on  Instron,  and  henoe  for 
practical  purposes  the  values  of  Young's  modulus  have  been  used. 
Miasurement  of  Thloknoss  of  Ribbon 

For  moasuring  the  thickness  of  the  ribbon  Reynolds  and 
Bransons  Thickness  Tester  was  used. 

The  sample  is  pressed  between  two  circular  anvils,  each 
having  a  surface  area  of  1  cm.^,  one  of  which  is  fitted  to  a 
lover  mounted  on  a  flat  spring  which  acts  as  frictionloss  bearing. 
The  levor  has  a  rocoss  in  which  the  5  gram,  pan  is  suspended. 
Accordingly,  a  pressure  on  the  sample  of  5  gms.  per  om.^  is 
obtained.  By  adding  small  weights  this  may  bo  increased.  The  dial 
gauge  is  provided  with  metric  scalo  (readings  to  0.01  mm.). 

After  the  sample  has  boon  put  in  betweon  the  two  anvils,  the 
gauge  spindle  is  advanced  slowly  by  means  of  the  large  knurled 
screw,  until  the  rod  indicator  lights  up  brightly.  The  reading  is 
noted  which  directly  gives  tho  thickness  of  tho  sample. 

This  instrument  has  boon  usod  for  the  measurement  of  the 
thickness  of  small  samplos  of  fabric  under  pressures  from  5  gms./cm 
upward,  as  doscribod  in  British  Standards  Handbook  No.  11,  pages 
119-120. 
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CHAPTER  4 
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Results  on  Twisting  of  Rubber  Materials 
4*1  General 

The  observations  made  during  the  process  of  twisting  rubber 
strips  have  been  given  in  Tables  4*1  to  4*11.  Out  of  these, 

Tables  4.1  to  4.4  show  the  observations  made  for  twisting  strips 
at  constant  length  and  Tables  4*5  to  4.11  are  the  observations 
for  twisting  under  constant  length. 

4.2  Twisting  at  constant  length 

From  the  graph  (Fig.  4*1)  showing  the  distribution  of  length  of 
strip  in  the  twisted  and  the  wrapped  part  it  can  be  seen  that  wrapping 
does  not  occur  until  certain  minimum  number  of  turns  have  been 
introduced  into  the  strips.  This  minimum  number  of  turns  at  which 
wrapping  would  occur  depends  upon  the  width  of  the  strip,  and  is  more 
for  narrower  strips  than  the  wider  ones.  Although  the  observations 
for  three  ribbon  widths  have  been  plotted  on  the  graph  (Fig.  4.l)- 
it  can  be  seen  from  the  tables  that  strips  of  all  wdiths  follow  the 
same  trend.  Qice  the  wrapping  has  started,  the  length  of  strip  in  the 
twisted  part  goes  on  decreasing  as  a  greater  number  of  turns  are 
introduced  in  it,  whereas  the  length  in  the  wrapped  part  goes  on 
increasing  until  nearly  all  the  length  has  taken  the  wrapped  form. 
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It  can  also  be  observed  that  some  portion  of  the  length  cannot  be 
wrapped  because  of  the  two  ends  of  the  strip  being  gripped  in  the 
jaws. 

The  helix  angle  in  the  twisted  and  wrapped  part  were  measured  and 
Hg.  4*2  shows  that  helix  angle  in  the  twisted  part  goes  on  increasing 
until  wrapping  occurs.  After  wrapping  has  started,  the  helix  angle  in 
the  twisted  part  and  the  helix  angle  in  the  wrapped  part  remains  constant. 
Chce  the  wrapped  form  has  been  obtained  any  fresh  number  of  turns 
introduced  into  the  strip  goes  into  wrapping  fresh  part  out  of  the 
twisted  part  and  thus  the  helix  angle  in  the  twisted  and  wrapped  part 
are  maintained  constant. 

Graphs  were  also  plotted  to  examine  if  different  starting  lengths 
(different  lengths  of  strip)  had  any  effect  on  the  turns  per  cm.  at  which 
wrapping  occurs.  Once  again  observations  were  made  with  different 
widths  of  rubber  strips  and  it  will  be  seen  from  Fig.  4.3  that  except 
for  the  5  cm.  leng  strip  all  the  other  lengths  wrap  at  the  same  number 
of  turns  per  cm.  Tho  curve  for  5  cm.  long  strip  seem  to  deviate  slightly 
from  the  other  curves  and  nay  be  attributed  to  the  fact  that  as  it  is  very 
difficult  to  obtain  a  perfectly  uniform  width  of  ribbon  all  throughout 
the  length  of  the  strip,  any  narrowpart  in  the  width  will  show  a 
magnified  effect  in  smaller  lengths.  It  can  also  be  seen  from  the 
same  figure  that  as  the  ribbon  width  decreases  the  turns  per  cm.  at 
which  wrapping  occurs  also  decreases. 
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In  Fig.  4,4  helix  angle  in  the  wrapped  part  and  helix  angle  in 
the  twisted  part,  (after  wrapping  has  started),  have  been  plotted. 

It  can  be  seen  that  the  helix  angle  decreases  with  the  increase  in  the 
ribbon  width,  showing  that  in  narrower  ribbons  the  wrapped  form  is 
obtained  much  later  than  in  wider  ribbons,  i.e.,  a  greater  number  of 
turns  have  to  be  introduced  in  a  narrower  ribbon  to  obtain  a  wrapped 
form  than  in  the  wider  ribbon, 

4«3  Twisting  at  constant  tension 

Observations  for  helix  angle  and  length  of  strip  in  the  twisted 
and  wrapped  part  were  also  made  under  constant  tension.  The  general 
appearance  of  curves  in  Fig.  4*5  to  Fig,  4*8  appear  to  be  the  same  as 
that  of  the  curves  in  Fig.  4.1  to  Fig.  4.4  (twisted  at  constant  length) 
but  on  closely  observing  them  the  differences  can  be  marked  out. 

Th«  initial  portion  of  the  curve  for  the  twisted  part  in  Fig,  4.5 

is  not  parallel  to  the  abscissae  as  is  the  case  in  Fig.  4.1.  This  is 
due  to  the  contraction  in  length  of  the  strip  during  twisting.  This 
contraction  in  the  length  of  the  strip  is  more  when  the  strips  are 
twisted  at  a  lower  tension  and  is  shown  in  Fig,  4.11,  whore  the  percentage 
contraction  in  length  has  been  plotted  against  the  number  of  turns. 

It  can  be  seen  that  the  percentage  contraction  in  length  in  the  twisted 
part  is  very  small,  but  once  the  wrapped  part  has  started  forming  the 
percentage  contraction  in  length  increases  rapidly.  Although  experimental 
values  for  only  two  ribbon  widths  (l  cm. wide  and  0.4  cm.  wide  strip)  has 
been  plotted  in  Fig.  4.11,  the  percentage  contraction  values  for  other  widths 
have  been  tabulated  in  the  tables  (Table  4.8  to  Table  4.18).  It  can  also 
be  observed  from  the  Fig.  4.11  that  the  percentage  contraction  in  length 
for  the  same  number  of  turns  in  the  wider  strip  is  much  higher  than  the 
percentage  contraction  in  the  narrower  strips. 
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Comparing  the  Figures  4*1  and  4-5  we  find  that  at  a  certain  value 
of  twist  for  a  particular  ribbon  width,  the  length  of  strip  in  the 
wrapped  part,  twisted  at  constant  length,  is  more  than  the  length  in 
the  wrapped  part  when  twisted  under  constant  tension.  This  is  because 
of  the  reason  that  when  twisted  at  constant  length  the  tension  on  the 
ribbon  increases  rapidly  with  twist  and  the  length  cannot  contract. 

It  will  also  be  observed  that  the  helix  angle  in  tho  twisted  and 
wrapped  part  in  Fig.  4.6  is  higher  than  the  corresponding  values  in  Pig,  4.2. 

By  looking  at  tho  Fig.  4.3  and  Fig.  4*9  it  can  be  seen  that  the  helix 
angle  in  the  twisted  part  increases  as  the  tension  increases  whereas  the 
helix  angle  in  the  wrapped  part  decreases  as  the  tension  increases.  This 
is  true  for  all  the  ribbon  widths  and  is  shown  in  Fig.  4.9. 

Fig.  4.7  and  Fig.  4.10  were  plotted  to  observe  tho  effect  of  twisting 
tension  on  the  turns  per  cm.  at  which  wrapping  occurs.  It  can  bo  observed 
from  those  figures  that  the  turns/cm.  at  which  wrapping  occurs  increases 
as  the  tension  increases.  The  rate  of  increase  of  wrapping  turns  per 
cm.  with  tension  i3  more  or  loss  the  same  for  all  the  rivbon  widths 
except  for  the  ribbon  of  0.25  cm.  width  as  is  indicated  by  the  slope  of 
the  curves.  In  the  case  of  the  0,25  cm.  wide  ribbon  it  seens  that  tho 
rate  of  increase  is  slightly  higher. 

4.4  Measurement  of  properties  of  strip 

In  order  to  provide  the  necessary  figures  to  substitute  in  the 
theoretical  relation  described  in  tho  next  Chapter,  clastic  moduli  and 
other  parameter  of  the  rubber  were  determined  using  the  methods  described 
in  the  previous  Chapter. 


Number  of  turns 


Helix  Angle  in  the 
Wrapped  Part 


rABLE  4.  2. 


istant  Length  -  25  cms. 
tfidth  -  0,8  cms.  _ 


a 

a,  u 

H  cS 

H  60  >h 

p  8 

0  O  u 

H  3  ° 

o  m 

1  3 

5  , 

5  &  -p 

Number  of  Turns 

In 

The  Wrapped  Part 

® 

A 

■P  o 

a  13 

Pi 

a  _  ® 

\  ®  -p 

Q1  Pi 

E  93 

Helix  Angle  in 
the 

Twisted  Part 

Helix  Angle  in 

the 

Wrapped  Part 

0 

0 

0 

0 

0 

- 

- 

- 

4.5° 

- 

- 

- 

- 

9.5° 

- 

- 

- 

- 

15.0° 

- 

- 

- 

- 

18.5° 

- 

- 

- 

- 

22.5° 

- 

- 

- 

24.0° 

- 

2.2 

1.5 

0.682 

22.0° 

0 

K\ 

K\ 

4.6 

3.0 

0.652 

n 

li 

6.8 

4.5 

0.662 

11 

11 

9.4 

6.0 

0.658 

11 

IT 

11.7 

7.3 

0.641 

!i 

fl 

13.4 

9.0 

0.672 

IT 

IT 

16.2 

0.648 

!l 

fl 

18.0 

O.667 

II 

II 

20.4 

0.662 

II 

II 

22.0 

EM 

0.659 

" 

II 

Wrapped  Part 


TABLE  4.  3. 

Twisting  at  Constant  Length  -  25  cms. 
Ribbon  Width  -  0.5  cms. 


Number  of  Turns 

Introduced 

Turns/cm 

Turns/ cm  in 

Twisted  Part 

Length  of 

0  Strip  TSirapped 
®  Along  the 

Axis  of  Yarn 

Number  of  Turns 
In 

The  Wrapped 

Part 

_ 1 

Turns/CM  in  the 
Wrapped  Part 
Along  the  Axis 

4!  I 

i?  * 

.d  +> 

'S  s 

w 

Helix  Angle 
in  the 

Wrapped  Part 

0 

0 

0 

0 

0 

0 

0 

1 

0.04 

0.04 

- 

- 

- 

4° 

- 

2 

0.08 

0.08 

- 

- 

- 

7° 

- 

3 

0.12 

0.12 

- 

- 

- 

10.50 

- 

4 

0.16 

0.16 

- 

- 

- 

14.5° 

- 

5 

0.20 

0.20 

- 

- 

- 

17.0° 

- 

6 

0.24 

0.24 

- 

- 

- 

20.5° 

- 

7 

0.28 

0.28 

- 

- 

- 

23.0° 

- 

8 

0.32 

0.32 

- 

- 

- 

26.5° 

- 

9 

0.36 

O.36 

- 

- 

- 

28.5° 

10 

0.40 

0.40 

- 

- 

- 

31.0° 

• 

11 

0.44 

0.44 

- 

■w 

- 

32.0° 

- 

12 

0.48 

0.422 

1.3 

2 

1.538 

28.0° 

45.0° 

13 

0.52 

0.444 

2.5 

3 

II 

11 

14 

0.56 

•  0.469 

3.7 

4 

1.08l 

II 

it 

15 

0.60 

0.450 

5.0 

6 

1.200 

II 

II 

16 

0.64 

0.430 

6.4 

8 

1.250 

II 

VI 

17 

0.68 

0.424 

8.5 

10 

1.176 

II 

VI 

18 

0.72 

0.446 

9-3 

11 

1.182 

II 

tt 

19 

0.76 

0.483 

10.5 

12 

1.143 

II 

II 

20 

0.80 

0.518 

11.5 

13 

1.130 

tl 

II 

21 

0.84 

0.500 

13.0 

15 

1.154 

II 

II 

22 

0.88 

0.4?6 

14.5 

17 

1.172 

II 

II 

23 

0.92 

0.555 

16.0 

18 

1.125 

II 

II 

24 

0.96 

0.400 

17.5 

21 

1.200 

II 

25 

1.00 

0.469 

18.6 

22 

1.183 

II 

26 

1.04 

0.600 

20.0 

23 

1.150 

II 

27 

1.08 

0.667 

22.0 

25 

1.136 

It 

_ • 

ii 


ii 


T».ble  4.4,  (  Continued) 


Humber  of  Turns 

Int  jroduced 

Turns/CM 

Turns/CM  in  the 

Twisted  Part 

26 

1.04 

0.722 

27 

1.08 

0.748 

28 

1.12 

0.728 

29 

1.16 

0.757 

30 

1.20 

0.753 

31 

1.24 

0.786 

32 

1.28 

0.781 

33 

1.32 

0.775 

34 

1.3b 

0.853 

35 

1.4o 

0.800 

36 

1.44 

O.786 

37 

1.48 

0.764 

38 

1.52 

0.821 

39 

1.56 

0.776 

4o 

1.6o 

0.869 

41 

1.64 

1.029 

42 

1.68 

0.893 

43 

1.72 

1.000 

1 


Length  of  Strip 
§  Wrapped  Along 
?  the  Axis  of 

Tarn 

Number  of  Turns 

in 

The  Wrapped  Part 

Turns/CM  in  the 
Wrapped  Part 

Along  the  Axis 

Helix  Angle  in  the 

Twisted  Part 

Helix  Angle  in  the 

Wrapped  Part 

7.0 

13.0 

1.857 

32.0° 

49.0° 

8.3 

14.5 

1.747 

ft 

If 

9.2 

16.5 

1.793 

11 

ff 

9-8 

17.5 

1.786 

If 

fl 

10.4 

19.0 

1.827 

91 

19 

11.0 

20.0 

I.818 

it 

ff 

12.2 

22.0 

1.803 

11 

ff 

13.4 

24.0 

1.791 

If 

11 

14.2 

25.0 

1,761 

ff 

If 

15.0 

27.0 

1.800 

•f 

•1 

16.1 

29.0 

1.801 

!» 

H 

17.8 

31.5 

1.769 

it 

ft 

18.3 

32.5 

1.776 

ff 

ff 

19.2 

34.5 

1.797 

ff 

ff 

20.4 

36.0 

1.765 

If 

11 

21.6 

37.5 

1.736 

ff 

11 

22.2 

3P.5 

1.779 

ff 

II 

23.0 

4l.O 

1.783 

ff 

ft 

« 


Wrapped  Part 


Number 


TABLE  4.5. 

TWISTING  AT  CONSTANT  LENGTH  -  25  CMS. 
RIBBON  WIDTH  -  0.25  CMS. 


o 

8 
+> 

£ 


0.24 

0.28 

0.32 

0.36 

0.40 

0.44 

0.48 


q 

H  ©  4» 
+» 

§©  ctf 
■H 

n  5 


0.24 

0.28 

0.32 

0.36 

0.40 

0.44 

0.48 

0.52 

0.56 

0.60 

0.64 

0.68 

0.72 

0.76 

0.80 

0.84 

0.88 


2  a 
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to  O  c H 

*3° 

o  m 

Tl  i-j 

A  ©  H 

■P  Pi  -J) 
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Jf  -o 
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^  i? 

t-t  5 

w 
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20.0 


29.5 


55.5 

36.5° 

58.5° 


a  1 

50  p< 

■5  a  >d 

M  B  ft 

i  1 


5  (Continued) 


Number  of  Turns  1 
Introduced  1 

8 

Turns/CM  in  the 

Twisted  Part 

o* 

•H  bn 

u  a  c 

-H  O  U 

to  r-J  cd 

*H 

o  n  a>  «h 

4  ° 

4’  P<  W 

a)  -H 

C  fn  M 

a>  is  *4 

Cms. 

Number  of  Turns 

In 
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e 

xl  ?  m 
•**  ft-d 
^  p.  -5 

T 1  <0 

8 

co  cd  to 

8 

£  3 

Helix  Angle  in  the 

Twisted 

Part 

Helix  Angle  in 

the 

Wrapped  Part 

25 

1.00 

1.00 

— 

26 

1.04 

1.04 

- 

- 

- 

- 

27 

1.08 

1.08 

- 

- 

- 

41.0° 

mm 

28 

1.12 

1.12 

- 

- 

- 

41.5° 

- 

29 

1.16 

1.16 

- 

- 

42.0° 

- 

30 

1.20 

1.20 

- 

- 

- 

42.5° 

- 

31 

1.24 

1.16 

0.80 

3 

3.53 

37.0° 

54.0° 

32 

1.28 

1.15 

1.60 

5 

3.12 

II 

It 

33 

1.32 

1.20 

1.60 

6 

3.03 

It 

II 

34 

1.36 

1.20 

2.50 

7 

2.80 

II 

ii 

35 

1.40 

1.22 

2.80 

8 

2.86 

tf 

it 

36 

1.44 

1.22 

3.70 

10 

2.70 

n 

ii 

37 

1.48 

1.23 

3.90 

11 

2.82 

II 

it 

33 

1.52 

1.25 

4.20 

12 

2.86 

II 

it 

39 

1.56 

1.26 

5.10 

14 

2.75 

II 

ii 

4o 

1.60 

1.27 

5-30 

15 

2.83 

It 

II 

4l 

1.64 

1.26 

5.90 

17 

2.86 

»l 

•1 

42 

1.68 

1.25 

6.6o 

19 

2.88 

II 

It 

43 

1.72 

1.26 

7.60 

21 

2.76 

II 

II 

44 

1.76 

1.24 

8.10 

23 

2.84 

ii 

II 

45 

1.80 

1.27 

8.50 

24 

2.82 

II 

II 

46 

1.84 

1.35 

8.70 

25 

2.76 

II 

II 

47 

1.88 

1.35 

8.70 

26 

2.86 

II 

II 

48 

1.92 

1.36 

9.60 

27 

2.81 

II 

It 

49 

1.96 

1.29 

11.10 

31 

2.79 

II 

II 

50 

2.00 

1.24 

12.90 

35 

2.71 

II 

•f 

51 

2.04 

1.26 

13.10 

36 

2.75 

It 

II 

Wrapped  Part 


52 

2.08 

1.32 

53 

2.12 

1.27 

54 

2.16 

1.25 

14.60 

55 

2.20 

1.26 

15.50 

56 

2.24 

1.28 

16.40 

57 

2.28 

1.23 

16.90 

58 

2.32 

1.26 

17.10 

59 

2.36 

1.31 

17.40 

60 

2.40 

1.29 

18.80 

6l 

2.44 

1.38 

19.20 

62 

2.48 

1.25 

19.40 

63 

2.52 

1.32 

19.70 

64 

2.56 

1.40 

20.00 

65 

2.60 

1.52 

20.40 

66 

2.64 

1.39 

20.70 

67 

2.68 

1.46 

20.90 

68 

2.72 

1.54 

21.10 

69 

2.76 

2.00 

23.50 

70 

2.80 

2.14 

23.60 

71 

2.84 

2.31 

23.70 

72 

2.88 
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trapped  Part 

Along  the  Axis 

Helix  Angle  in 
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INristed  Part 

37 
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39 

2.79 

II 

4l 
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ff 

43 

2.77 

If 

45 

2.74 

If 

47 

2.78 

11 

48 

2.81 

VI 

49 

2.82 

If 

52 

2.77 

If 

53 

2.76 

If 

55 

2.84 

ff 

56 

2.84 

ff 

57 

2.85 

ff 

58 

2.84 

ff 

60 

2.90 

If 

61 

2.92 

ff 

62 

2.94 

If 

66 

2.81 

If 

67 

2.84 

If 

68 

2.87 

ff 

72 

2.88 
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54.0° 
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it 
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ii 
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ii 
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ii 
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ii 
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V.'rapped  Part 


Bibb on 
Width 
Cms 

Helix  Angle  in  the 

Twisted  Part 

Wrapped  Part 

0.25 

37° 

54° 

0.40 

32° 

'O 

0 

0.50 

28° 

43° 

0.60 

26.5° 

38.5° 

0.75 

22.5° 

35-0° 

0.80 

22.0° 

33.0° 

1.00 

19. 5° 

30.0° 

T«3Ig_4p8 

(TWIST IDO  AT  CONSTANT  TENSION  -  1  cm  7/IDE  STRIP  -  25  cm  LENGTH 
tlT/ISTING  TENSION  -  10  gms.  POSITION  OF  TWISTING  JAW  -  3.0  cms. 


Number  of  Turns 


TABTff4«9 

TWISTING  AT  CONSTANT  TENSION  -  1  CM  WIDE  STRIP  -  25  CM  LENGTH 

TWISTING  TENSION  -  5  CHS  POSITION  OF  TWISTING  JAW  -  3.0  CMS 


m 

.3 

+>  -p 

<u  C  ca 
O  H  Ph 


0.040 

0.081 , 


0.122 


0) 

P.  A 

h  **  • 

£  £2 

O  n5 

.  vt 
rt  -d  o 
■p  0) 
bo  ft  M 

C  Perl 

3  23 


0.142  0.3 
0.168  1.9 
0.192  3.8 
0.210  6.4 
0.219  8.6 
0.200  9.4 
0.286  11.5 
0.375 


P  CD 

b  p* 
ca 

Vi  J4 
O  >  -H 
U 

u  as  a 
O  A  Pa 
A  +> 


-P 

u 

ca 

a  Pc  m 

■H  *H 
'd  M 
<d  <u  **; 

rH  P< 

M  Pi  © 

4  25 


to 

c 

*H 

TJ 

ca 

CD 

« 


28.0  l 


18.0 


-  27.95 

27.80 

-  27.60 


.667  20.0°  50.0°  26.50 


0.789 

0.658 

0.625 

0.724 

0.745 


"  25.70 
"  25.00 
"  23.70 
"  23.00 
"  22.40 
"  21.50 
"  20.70 


TABUS  4.10 

TWISTING  AT  CONSTANT  TENSION  -  0.8cm  WIDE  STEIP  -  25  CM  LENGTH 
TWISTING  TENSION  -  10  CMS  POSITION  OF  TWISTING  JAW  -  3  CHS 


TABLE  4.11 


TWISTING  AT  CONSTANT  TENSION  -  0.8  cm  WIDE  STRIP  -  25  cm  LENGTH 
TWISTING  TENSION  -  5  GMS.  POSITION  OP  TWISTING  JAW  -  3.0  oms 


Number  of  Turns 
Introduced 

Turns/cm  in  the 
Twisted  Part 

Length  of  Strip 

B  Wrapped  Along 
the  Amis  of  lam 

" 1  | 

© 

a 

+» 

G  G 
■H  cd 

(-4 

B  .w 

O 

\  © 

a 

Helix  Angle  in 
the  Wrapped  Part 
Along  the  Amis 

Reading  on  the 

5  Scale  as  length 
°  Contracts 

2 

a  Contraction 

$  Contraction 

p. 

•H 

U  +» 

u 

to  rt 

£  fl*  1 
•H  W  1 

3  3| 

t)0  *P  ■ 
G  £ 

3  ^ 

cm  e 

0 

0 

0 

0 

0 

0 

0 

27.90 

0 

0 

i 

24.90J 

1 

0.040 

- 

- 

- 

5° 

- 

27.85 

0.05 

0.20 

24.85! 

1 

2 

0.081 

- 

- 

- 

10.5° 

- 

27.75 

0.15 

0.60 

24.75j 

3 

0.122 

- 

- 

- 

15.5° 

27.55 

o.35 

1.40 

24.55j 

4 

0.165 

- 

- 

- 

20.5° 

27.30 

0.60 

2.40 

24.3oj 

5 

0.208 

- 

- 

- 

25.5° 

- 

27.05 

O.85 

3.40 

24.05j 

6 

0.241 

0.3 

0.5 

1.667 

24.0° 

5?.5° 

26.10 

1.80 

7.20 

22.80) 

7 

0.246 

2.0 

2.0 

1.000 

II 

II 

25.30 

2.60 

10.40 

20.30 

8 

0.227 

4.0 

4.0 

1.000 

II 

II 

24.60 

3.30 

13.20 

17.60 

9 

0.255 

5.1 

5.0 

0.980 

n 

11 

23.80 

4.10 

16.40 

15.7C 

10 

0.263 

6.5 

6.5 

1.000 

ii 

11 

22.80 

5.10 

20.40 

13.3C 

11 

0.265 

7.9 

8.0 

1.012 

ii 

11 

22.20 

5.70 

22.80 

11.30 

12 

0.275 

9.4 

9.5 

1.010 

ii 

11 

21.50 

6.40 

25.60 

9.10 

13 

0.290 

10.8 

11.0 

1.018 

i» 

H 

20.70 

7.20 

28.80 

6.90 

1 

14 

0.326 

12.3 

12.5 

1.016 

it 

II 

19.90 

8.00 

32.00 

4.60 

15 

0.536 

13.5 

13.5 

1.000 

ii 

tl 

19.30 

8.70 

34.80 

2.80 

Tk?.L5  4-12 

TWISTING  AT  CONSTANT  TENSION  -  0.6  cm  WIDE  STRIP  -  25  cm  LENGTH 
TWISTING  TENSION  -  10  GMS  POSITION  OP  TWISTING  JAW  -  3.0  cms 


Turns/ cm  in  the 
Twisted  Part 

Length  of  Strip 

0 Wrapped  along 
u  the  axis  of  Yam 

>  0 

0 

0.040 

- 

0.080 

- 

0.120 

- 

0.162 

- 

0.203 

- 

0.246 

- 

0.289 

- 

0.306 

0c7 

0.324 

1-7 

0.322 

2o7 

0.323 

4.1 

0.309 

5.5 

0.339 

6.6 

0.346 

7.8 

0.364 

9.3 

0.376 

10.5 

0.417 

12.1 

0.433 

13.1 

O.588 

14.8 

0,600 

15.4 

0.909 

16.5 

4* 

u 

C  0)  ID 
H  -H 

<D  Tl  ^ 

60  S  <13 


<D  $ 

XI  I'D 
■P  !l  B 

<D  4J 

g  <h  o 

O  ft! 

03  M 
6D  cd  -p 
Si  G 
■H  Q  O 
■a  h  o 
(d  rf 
o  o 
w  m 

cms 


28.0  0.10 
27.9  0.20 
27-75  0.35 
27.60  0.50 

27.40  0.70 
27.20  0.90 
26.60  I.50 
26.30  1.80 
25.90  2.20 

25.40  2.70 
24.70  3.40 
24.35  3.75 


22.80  5.30 
22.30  5.80 

21.80  6.30 
21.20  6.90 
20.90  7.20 
20.60  7.50 


0 

0 

0.40 
0.80 
1.40 
2,00 

2.80 
3 .60 
6.00 

7.20 

8.80 

10.80 

13.60 
'lS.OO 

17.20 

19.20 

■ 

21.20 

23.20 

26.20 

27. 60 

28.80 

30.00 


Pi 

•ri 

;h  +» 

+3  f4 

ci  0} 

f>4 

O  G  "d 
•ri  C3 

3  V, 

2P  S 

0) 

*■*  cms 


25.1 

25.1 

25.0 

24.9 

24.75 

2A.60 

24.40 

2A.2C 

22.90 

21.60 

20.20 

18.30 

16,20 

14.75 
13  »G 
11. 00 

9.30 

7.2C 

5.70 

3.40 

2.50 

1.10 


Number  of  Turns 

Introduced 


table  4.13. 

TWISTING  AT  CONSTANT  TENSION  -  0.6  CM.  WIDE  STRIP  -  25  CM.  LENGTH 
TWISTING  TENSION  -  5  GKO.  POSITION  OF  TWISTING  JAW  3.0CMS 


Introduced 

Turns  /CM  in  the 
Twisted  Part 

0  Length  of  Strip 
|  wrapped  along  the 
•  Axis  of  Yarn 

Number  of  Turns  in 
the  Wrapped  Part 

Turns/CM  in  the 
Wrapped  Part 

m 

■ 

Helix  Angle  in  the 
Wrapped  Part 

Along  the  Axis 

Beading  on  the 
|  Scale 

*  As  Length  Contracts 

Contraction 

m 

% 

n 

0 

•rl 

+> 

O 

tt5 

+> 

a 

0 

0 

Length  of  Strip 

m  in 

•  Twisted  Part 

0 

0 

0 

0 

0 

0 

0 

27.90 

0 

0 

24.90 

1 

0.040 

- 

- 

0 

0 

• 

- 

27.85 

0.05 

0.20 

24.85 

2 

0.81 

- 

7.0° 

- 

27.80 

0.10 

0.40 

24.80 

3 

0.121 

- 

- 

- 

10.50 

- 

27.70 

0.20 

0.80 

24.70 

4 

0.163 

- 

- 

- 

15. o° 

- 

27.60 

0.30 

1.20 

24.60 

5 

0.204 

- 

- 

- 

20.0° 

- 

27.45 

0.45 

1.80 

24.45 

6 

0.248 

- 

- 

- 

23.5° 

- 

27.20 

0.70 

2.80 

24.20 

7 

0.292 

- 

- 

26.5° 

- 

27.00 

0.90 

3.60 

24.00 

8 

0.311 

0.7 

1.0 

1.428 

25.5° 

53.0° 

26.20 

1.70 

6.80 

22.50 

m 

0.316 

2.1 

2.5 

1.190 

?! 

if 

25.65 

2.25 

9.00 

20.55 

0.316 

3.1 

4.0 

1.290 

?! 

n 

25.10 

2.80 

11.20 

19.00 

0.324 

4  3 

5.5 

1.279 

It 

T? 

24.25 

3.65 

14.60 

16.95 

0.329 

5-4 

7.0 

1.296 

?! 

I! 

23.60 

4.30 

17.20 

15.20 

0.341 

6.6 

8.5 

1.288 

?l 

!? 

22.80 

5.10 

20.40 

13.20 

14 

0.354 

7.8 

10.0 

1.282 

II 

II 

22.10 

5.90 

23.60 

11.30 

15 

0.364 

8.9 

11,5 

1.292 

•1 

!? 

21.50 

6.40 

25.60 

9.60 

16 

0.411 

10.4 

13.0 

1.250 

?! 

II 

20.70 

7.20 

28.80 

7.30 

17 

0.454 

11.5 

14.5 

1.261 

II 

II 

20.00 

7.90 

31.60 

5.50 

18 

0.588 

12,8  1 

16,0 

1,250 

lit? 

1? 

19.20 

8.70 

34*80 

3.40 

19 

0.714 

13.7 

17.5 

1.277 

II 

II 

18.80 

9.10 

36.40 

2.10 

fA-'i'in  4. 14 . 

TWISTING  AT  CONSTANT  TENSION  -0.5  CM.  WILE  STRIP  -  25  CM  LENGTH 
TWISTING  TENSION  -  10  GMS  POSITION  OF  TWISTING  JAW  -  3.0  CMS 


Number  of  turns 
introduced 

<1) 

A 

P 

4 

£ 

•H  P 

u 

*  <3 

8  * 
o 

m  p 
£  w 
£  *H 

mm 

1131 

Number  of  turns  in 
the  wrapped  part 

Turns  /CM.  in  the 
wrapped  part 

Helix  Angle  in  the 
Twisted  part 

Helix  Angle  in  the 
w Tapped  part  along 
the  axis 

^Reading  on  the 
g scale 

•  as  length  contracts 

£ 

O 

■H 

P 

O 

£ 

£ 

O 

O 

Cns. 

fo  Contraction 

* 

•H 

f-t 

P  p 

M  £h 

W 

«h  a  m 

O  -H 

•xi 

X  0 

p  p 

to  to 

r.  •>  \ 

0) 

n  et 

Cms . 

0 

0 

— 

0 

0 

0 

0 

0 

28.0  ! 

j  0 

0 

25.0 

1 

0.04 

- 

- 

- 

2° 

- 

28.0 

0 

25.0 

2 

0.08 

- 

- 

- 

5° 

- 

28.0 

0 

0 

25.0 

3 

0.120 

- 

- 

- 

9° 

- 

28.0 

0 

0 

25.0 

4 

0.150 

- 

- 

- 

13° 

- 

27.9 

0.1 

0.40 

24.90 

55 

0.202 

- 

- 

- 

16° 

27.8 

0.2 

0.80 

24.80 

6 

0.243 

- 

- 

- 

13° 

- 

27.7 

0.3 

1.20 

24.70 

7 

0.287 

- 

- 

- 

22.5° 

- 

27.4 

0.6 

2.40 

24.40 

8 

0.330 

- 

- 

- 

.  J 

- 

21.2 

0.8 

3.20 

24.20 

9 

0.375 

- 

- 

- 

31.0° 

- 

27.0 

1.00 

4.00 

24.00 

10 

0.330 

1.0 

i  n: 
j.  •  J 

1.50 

30.0° 

51.0° 

26.35 

1.65 

6.60 

22.35 

11 

0.405 

2.0 

3.5 

1.25 

rt 

yy 

26.00 

2.00 

8.00 

21.00 

12 

0.391 

3.3 

4.5 

1.36 

!l 

1? 

25.50 

2.50 

10.00 

19.20 

ll3 

0.419 

4.3 

5.5 

1.28 

M 

25.20 

2.80 

11.20 

17.90 

14 

0.396 

5.4 

7.5 

1.39 

I! 

I? 

24.80 

3.20 

12.80 

16. 40 

15 

0.376 

6.4 

9.5 

1.43 

If 

II 

24.40 

3.60 

14-40 

15.00 

16 

O.404 

7-5 

10.5 

1.40 

If 

24.10 

3.90 

14-60 

13.60 

17 

0.373 

8.7 

12.5 

1.44 

If 

II 

23.60 

4. 40 

17.60 

11.90 

18 

0.379 

9.7 

14.0 

1.44 

II 

23.25 

4.75 

19.00 

10.55 

19 

0.398 

11.0 

15.5 

1.41 

If 

22.80 

5.20 

20.80 

8.80 

20 

0.411 

12.1 

17.0 

1.41 

II 

11 

22.40 

5- 60 

22.40 

7.30 

21 

0.446 

13.4 

18.5 

1.3'°. 

II 

II 

22.00 

6.00 

24.00 

5. 60 

22 

0.395 

14.7 

20.5 

1.39 

II 

11 

21.50 

6.50 

26.00 

3.80 

23 

0.344 

15.2 

22.0 

1.45 

II 

If 

21.10 

6.90 

27.60 

2.90 

Humber  of  Turns 


TWISTING  AT  CONSTANT  TENSION  -  0.5  CMS.  WIDE  STRIP  -  25  CMS. LENGTH 

TWISTING  TENSION  -  5  GMS.  POSITION  OF  TWISTING  JAW  -  3.0  CMS. 


Number  of  Turns 
Introduced 

- - - 

Turns/CM  in  the 
Twisted  Fart 

q  Length  of  Strip 
%  Wrapped  along  the 
*  Axis  of  Yarn 

Humber  of  Turns  in 
the  wrapped  Part 

Turns/CH  in  the 
Wrapped  Part 

Helix  Angle  in  the 
^Trapped  Part 

Along  the  Axis 

<D  W 

rH  -P 

«S  O 

O  (! 

c n  f-i 

-p 

G  G 

O  O 

w  0 
bo  G 

G  ,G 

•H  -P 

'd  bO 

nj  G 

0)  <D 

« 

Cms. 

Contraction 

• 

Contraction 

ft 

•H 

fH  -P 

+»  u 

w  d 

ft 

frH 

O  "i 

G  O 

,G  -t-i  -p 

-P  cj 

C  t 

<D 

OlS.; 

0 

0 

0 

0 

0 

0 

0 

28.0 

0 

0 

25.00 

1 

0.040 

- 

- 

- 

2° 

- 

28.0 

0 

0 

25.00 

2 

0.080 

- 

- 

- 

5.5° 

- 

28.0 

0 

0 

25.00 

3 

0.120 

- 

- 

- 

9.0° 

- 

27.95 

0.05 

0.20 

24.95 

4 

0.161 

- 

- 

12.5° 

- 

27.85 

0.15 

0.60 

24.85 

5 

0.202 

- 

- 

- 

16.0° 

- 

27.75 

0.25 

1.00 

24^75 

6 

0.244 

- 

- 

- 

18.5° 

- 

27.60 

0.40 

1.60 

24.60 

7 

0.236 

- 

- 

- 

22.0° 

- 

27.45 

0.55 

2.20 

24.45 

8 

0.330 

- 

- 

- 

24.5° 

- 

27.25 

0.75 

3.00 

24.25 

9 

0.373 

- 

- 

- 

28.5° 

- 

27.10 

0.90 

3.60 

24.10 

10 

0.414 

0.4 

0-5 

1.200 

28,0° 

54.0° 

26,30 

1.65 

660 

22.95 

11 

0.429 

1.7 

2.0 

1.176 

„ 

If 

25.65 

2.35 

9.40 

20.95 

12 

0.431 

2.4 

3.5 

1.45S 

II 

II 

25.10 

2.90 

11.60 

19.70 

13 

0.435 

3.3 

5.0 

1.515 

II 

„ 

24.70 

3.30 

13.20 

18.40 

H 

0.454 

4.6 

6.5 

1.413 

II 

24.10 

3.90 

15.60 

16.50 

15 

0.408 

5.8 

9.0 

1.552 

23.50 

A. 50 

18.00 

14.70 

16 

0.479 

6.3 

9.5 

1.508 

It 

It 

22.85 

5.15 

20.60 

13.55 

o7 

O.4C6 

7.6 

11.5 

1.513 

11 

22.40 

5. 60 

22,40 

11.80 

18 

0.433 

G.6 

13.0 

1.512 

21.95 

6.05 

24.20 

10.35 

19 

0.529 

10.0 

14.5 

1.450 

21.50 

6.50 

26.00 

8.50 

20 

0.515 

10.9 

16. 5 

1.514 

20.70 

7.30 

29.20 

6.80 

21 

0.550 

11.8 

18.0 

1.525 

M 

a 

20.25 

7.75 

31.00 

5.45 

22 

O.54O 

12.9 

20.0 

1.550 

II 

19.60 

8.40 

33.60 

3.70 

23 

0,833 

13.8 

21.0 

1.52? 

II 

19.20 

L  - - 

35.20 

2.40 

Number  of  Turns 


TABLE  4.16 


TWISTING  AT  CONSTANT  TENSION  -  0.4  CMS.  WIDE  -.25  CMS  LENGTH 
TWISTING  TENSION  -  10  GMS  POSITION  OF  TWISTING  JAW  -  3.0  CMS. 


Introduced 

Turns/CM  in  the 
Twisted  Part 

Length  of  Strip 
wrapped  along  the 
Axis  of  Yam 

Number  of  Turns  ir 
the  Wrapped  Part 

!I\irns/CM  in  the 
Wrapped  Part 

Helix  Angle  in 
the  TwiBted  Part 

"E 

«  . 
a 

0  'O  -H 

fH  <D  IS 

M  A  -3 

rt  o 
.to  n 

H  t-~  -to 
•H 

iH  O  t)0 

O  C 

W  -P  O 

3 

Reading  on  the 

Soale 

At  Length  Contracts 

Contraction 

$  Contraction 

Length  of  Strip 

In 

Twisted  Part 

0 

0 

0, 

0 

°1 

f  0 

0 

28.05 

0 

00 

25.05  ; 

1 

0.040 

- 

- 

1.5° 

- 

28.05 

0 

0 

25.05 

2 

0.08C 

- 

- 

4.0° 

- 

28.05 

0 

0 

25.05 

3 

0.120 

- 

- 

7.0° 

- 

28.05 

0 

0 

25.05 

4 

0.160 

- 

- 

9.0° 

- 

28.05 

0 

0 

25.05 

5 

0.200 

- 

- 

12.0° 

- 

28.05 

0 

0 

25.05 

6 

0.240 

- 

- 

14.5° 

- 

28.05 

0 

0 

25.05 

7 

0.280 

- 

- 

16.0° 

- 

28.00 

0.05 

0.20 

25.00 

8 

0.321 

- 

- 

19.0° 

- 

27.90 

0.15 

0.60 

24.90 

9 

0.362 

- 

- 

21.5° 

- 

27.85 

0.20 

0.80 

24.85 

10 

0.405 

- 

- 

23.0° 

- 

27.65 

0.40 

1.60 

24.65 

11 

0.449 

- 

- 

25.5° 

- 

27.50 

0.55 

2.20 

24.50 

12 

0.489 

- 

- 

28.0° 

- 

27.50 

0.55 

2.20 

24.50 

13 

0.533 

- 

- 

30.5° 

- 

27.40 

0.65 

2.60 

24.40 

14 

0.576 

- 

- 

32.0° 

- 

27.30 

0.75 

3.00 

24.30 

15 

0.621 

- 

- 

33.0° 

- 

27.15 

0.90 

3.60 

24.15 

16 

0.665 

- 

- 

34.0° 

- 

27.05 

1.00 

4.00 

24.05 

17 

0.695 

0.7 

1.0 

1.428 

34.0° 

52.5° 

26.70 

1.35 

5.40 

23.00 

18 

0.711 

1.6 

2.5 

1.564 

If 

If 

26.40 

1.65 

6.60 

21.80 

19 

0.721 

2.4 

4.0 

1.668 

If 

ff 

26.20 

1.85 

7.40 

20.80 

20 

0.705 

3.1 

6.0 

1.935 

ft 

ff 

25.95 

2.10 

8.40 

19.85 

21 

0.710 

4.2 

8.0 

1.905 

If 

ft 

25.50 

2.55 

10.20 

18.30 

22 

0.718 

4.8 

9.5 

1.979 

ff 

ff 

25.20 

2.85 

11.40 

17.40 

23 

0.694 

5.9 

12.0 

2.034 

ff 

If 

24.75 

3.30 

13.20 

15.85 

24 

0.707 

6.8 

13.5 

1.985 

fl 

ft 

24.65 

3.40 

13.60 

14.85 

TABLE 


Continued 


Number  of  Turns 
Introduced 

Turns/CM  in  the 
Twisted  Part 

Length  of  Strip 
Wrapped  along  the 
§*  Axis  of  Yarn 

m 

25 

0.727 

7.6 

26 

0.603 

9.2 

27 

0.591 

10.3 

28 

0.598 

11.0 

29 

0.641 

12.0 

30 

0.534 

13.0 

31 

0.603 

13.6 

32 

0.454 

14.7 

33  i 

0.484 

15.6 

34 

0.303 

16.7 

*> 

G  ©  'G 
<  x3  © 

-p  -p 

H  © 

•rl  -H 


15.0 

19.0 

21.0 

22.5 
24.0 

26.5 

27.5 
30.0 

31.5 

33.5 


1.974  34*0 
2.065  ' 

2.039  * 

2.045 

2.000  • 

2.038 

2.106  ' 

2.041  ' 

2.019  ' 

2.006  ' 


-p 

C  <3  03 

•H  Ph  #H 

©  T3  <3 

pH  © 
tO  ft  ® 
C  O.XI 
^  ©  -p 
fH 

H  &  to 

•rt  C 
rH  ©  O 

0)  .G  H 
tG  +*  *4 


© 

jG 

-P 

03 

G  -P 

O  ©  XI  O 
«— I  -P  05 
tC  ©  60  U 
G  O  G  -P 

•rl  W  ©  c 

TJ  ^  O 
©  o 

©  n 
«  -»J 


24.35 
23.80 
23.45 
23.20 
22.80 
22.55 

22.40 

22.10 

21.70 

21.35 


3.70 

4.25 
4.60 
4.85 

5.25 
5.50 
5.65 
5-95 
6.35 

6.70 


14.80 
17.00 
18.40 

19.40 
21.00 
22.00 
22.60 

23.80 

25.40 

26.80 


u  +» 

ra  a! 
Ph 

o  cd 

•H  © 
X3  -P 
-P  0) 
bD  -H 
G  i® 


13.75 
11.60 
10.15 
9.20 
7.80 
6.55 
5. 80 
4.40 
3.10 
1.65 


TA o7 E  4,1?. 

TWISTING  AT  CONSTANT  TENSION  -  0.4  Cm.  WIDE  STRIP  -  25  Cms.  LV/NGTH 
TWISTING  TENSION  -  5  GMS.  POSITION  OF  TWISTING  JAW  -  3.0  CMS. 


Number  of  Turns 

Introduced 

Turns/cm  in  the 
Twisted  Part 

Length  of  strip 
wrapped  along 
the  axis  of  yarn 

Number  of  Turns  in 
the  TZrapped  Part 

Turns/CM  in  the 
Urapped  Part 

Helix  Angle  in  the 

Twisted  Part 

Helix  Angle  in  the 

■.Trapped  Part 

Along  the  Axis 

Reading  on  the 

Scale  as  Length 
Contracts 

Contraction 

%  Contraction 

Ldngth  of  Strip 
in 

Twisted  Part 

0 

0 

0 

0 

0 

0 

0 

28.05 

0 

0 

25.05 

1 

0.040 

- 

- 

- 

1.0° 

- 

28.05 

0 

0 

25.05 

2 

0.080 

- 

- 

- 

3.5° 

- 

28.05 

0 

0 

25.05 

3 

0.120 

- 

- 

- 

6.5° 

- 

28.05 

0 

0 

25.05 

4 

0.160 

- 

- 

- 

7.5° 

- 

28.05 

0 

0 

25.05 

5 

0.200 

- 

- 

- 

10.5° 

- 

28.05 

0 

0 

25.05 

6 

0.240 

- 

- 

- 

12.5° 

- 

27.95 

0.10 

0.40 

24.95 

7 

0.281 

- 

- 

- 

15.0° 

27.90 

0.15 

0.60 

24.90 

8 

0.322 

- 

- 

•m 

16.0° 

- 

27.85 

0.20 

0.80 

24.85 

9 

0.362 

- 

- 

18. 5d 

- 

27.85 

0.20 

0.80 

24.85 

10 

0.406 

- 

- 

21.0° 

- 

27.70 

0.35 

1.40 

24.70 

11 

0.447 

- 

- 

- 

22.0° 

27.60 

0.45 

1.80 

24.60 

12 

0.490 

- 

- 

- 

24.0° 

- 

27.50 

0.55 

2.20 

2$.  50 

13 

0.531 

- 

- 

- 

26.5° 

27.50 

0.55 

2.20 

24.50 

14 

0.577 

- 

- 

- 

28.0° 

- 

27.25 

0.3o 

3.20 

24.25 

15 

0.623 

- 

- 

- 

31.0° 

- 

27.10 

0.90 

3.60 

24.10 

16 

O.669 

- 

- 

- 

33.0° 

56.0° 

26.90 

1.15 

4.60 

23.90 

17 

0.705 

0.60 

l.C 

1.66? 

II 

It 

26.30 

1.75 

7.00 

22.70 

18 

0.690 

1.9 

3.5 

1.842 

It 

ft 

25.90 

2.15 

8.60 

21.00 

19 

0.707 

2.6 

5.0 

1.923 

It 

II 

25.40 

2.65 

10.60 

19.80 

20 

0.710 

3.8 

7-5 

1.974 

It 

II 

24.40 

3.65 

15.60 

17.60 

21 

0.706 

4.3 

9.0 

2.093 

It 

II 

24.30 

3-75 

15.00 

17.00 

22 

0.734 

4.8 

LO.O 

2.083 

II 

ft 

24.15 

3.90 

15.60 

16.35 

23 

0.714 

5.9 

12.5 

2.119 

11 

It 

23.60 

4.45 

17.80 

14.70 

24 

0.745 

6.3 

13.5 

2.143 

If 

ft 

23.40 

4.65 

18.60 

14.10 

Table  4.12  (Continued ) 


Number  of  Turns 
Introduced 

Turns/cm  in  the 
Twisted  Part 

25 

0.781 

26 

0.812 

27 

0.800 

28 

0.751 

29 

0.726 

30 

0.789 

31 

0.913 

32 

0.968 

33 

1.250 

Number  of  Turns 
in  the  vVrapped 
Part 

Q) 

A 

p  p 

A 

G  rt 
•H  Ah 

a  a 

S  CD 
\  Ph 
ro  Pt 

a  rt 

<H  (H 

5  r'* 

c 

■ri  -P 

A 

O  n! 

rH  Ah 

60 

11  a>  Tj 
<  A  CD 

P  P 

W  n 

■H  -H 

t H 

M 

Eelix  Angle  in 
the 

.Trapped  Part 

15.0 

2.083 

33.0° 

56. oc 

16.5 

2.089 

If 

It 

19.0 

2.111 

1? 

tl 

21.5 

2.172 

II 

ft 

24.0 

2.1S2 

II 

tl 

25.5 
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II 

tl 

26.5 

2.155 

11 

II 

29.0 
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If 

If 

31.0 
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23,00  5.05 

22.60  5.45 

22.00  6.05 
21.55  6.50 

20.90  7.15 

20.50  7.55 

20.20  7.85 

19.60  8.65 

19.00  9.05 


7.55  30.20 
7.85  3-1.60 
8.65  36.60 
9.05  36.20 


12.80 
11.70 
10.  oc 
8.65 
6.9 
5.7 
6.9 
5.1 
1.6 


TABLE  4.18. 


TWISTING  AT  CONSTANT  TENSION 


Table  4.lS  (Continued) 


Tension 

Ribbon 

Width 

Helix  Angle  in  the 

I  in 

Gins. 

1 

in 

Cms. 

Twisted  Part 

Wrapped  Part 

0.25 

46.0° 

57.56 

0.40 

34.0° 

50.0° 

0.50 

30.0° 

49.5° 

12.5 

0.60 

25.5° 

47.^° 

0.80 

26.5* 

46. 5n 

1.00 

23.5° 

44.5° 

0.25 

48.0° 

58.0° 

0.40 

38.5° 

49.0° 

0.50 

33.0° 

C 

O 

CO 

-^r 

15.0 

0.60 

30.0° 

46.5° 

0.80 

28.0° 

45.5° 

1.00 

24.5° 

42.5° 

Number  of 
Turns  at 

which  Turns/ Cm 

Wrapping 

Occurs 


1.334 

0.738 

0.432 

0.320 

0.236 

0.164 


1.464 

0,752 

0.448 

0.316 

0.244 

0.164 


TABLE  4.19 


MEASUREMENT  OF  THE  THICKNESS  OF  RUBBER  STRIP  BY  R  &  B  TESTER 


Least  Count  of  the  instrument  =  0.01  mm. 


S.No.  Reading  on  the  Scale  (Divs.)  Thickness  in  mm. 


1 

90 

0.90 

2 

89 

0.89 

3 

90 

0.90 

4 

88 

0.88 

5 

92 

0.92 

6 

90 

0.90 

? 

90 

0.90 

8 

88 

0.88 

9 

91 

0.91 

10 

89 

0.89 

11 

91 

0.91 

12 

91 

0.91 

13 

90 

0.90 

14 

*90 

0.90 

15 

89 

0.89 

16 

89 

0.89 

17 

88 

0.88 

18 

89 

0.89 

19 

91 

0.91 

20 

91 

0.91 

MEAN 


89.8 


0,898  mm, 


2 

Weight  of  rubber  materials  in  gms/cin 

Rubber  strips  of  size  3"  x  3.5"  were  cut  and  weighed  in  Mettler's 
Yarn  Balance  (Mettler  -  iff  the  trade  name  of  the  Balance  made  by  a 
Swiss  firm). 

TABLE  4.20 


S.  No.  Weight  of  rubber  strips  in  gms. 


1 

4.9082 

2 

4.5612 

3 

4.7348 

4 

4.8124 

5 

4.7320 

6 

5.0196 

7 

4.8482 

8 

4.8896 

9 

4.8876 

10 

4.7285 

11 

4.7104 

12 

4.6100 

13 

4.9743 

14 

4.6874 

15 

4.6000 

MEAN  WEIGHT  4.7803  gms. 


.*.  gms/cm^  =  4,78.03  .  _  5 

3  x  3.5  x(2.54 F 

=  4.7803 
67.7418 


0.0706 


TABLE  4.21 


DETERMINATION  OF  BENDING  MODULUS  OF  RUBBER  STRIP  BY  DIRECT 
MEASUREMENT  OF  BENDING  IENGTH  BY  SHIRLEY  STIFFNESS  TESTER. 
BENDING  LENGTH  SAMPLES  ARE  1  inch  wide. 


('  > 


MEAN 


ONE  END 

OTHER  END 

Top  Face  Up 

Reversed  Face  Up 

Top  Face  Up 

Reversed  Face  Up 

2.25  cms. 

1.95  cms. 

2.20 

cms. 

1,95  cms. 

2.30  " 

1.35  " 

2.45 

II 

1.70  " 

2.20  " 

2.00  " 

2.15 

II 

2.00  » 

2.20  " 

2.00  " 

2.15 

It 

1.80  " 

2.40  « 

1.80  « 

2.30 

it 

1.75  " 

2.27  " 

1.95  " 

2.25 

11 

1.85  " 

MEAN  OF  ALL  =  2.08  cms. 


( 


where 


w  =  weight  of  material  in  gmg/ci 


c  =  bending  length  in  cm. 


d  =  thickness  of  material  in  cm. 

12  x  0,0706  x  (2.08)3 
(0.09)3 

10307.9012  gms/cm^. 


TABLE  4.22 


DETERMINATION  OF  YOUNG'S  MODULUS  CR  BENDING  MODULUS  OF 


1  cm.  WIDE  RUBBER  STRIPS  BY  INSTRON. 


Length  of  specimen  = 
Full  scale  deflection  = 
Chart  speed  = 
Jaw  speed  =■ 
Magnification  = 


15  cm. 

100  gms. 

1  cm/min. 
1  cm/min. 
1 


S.No. 

LOAD  FCR  CALCULATING 
INITIAL  MODULUS 

EXTENSION  AT  THIS  LOAD 

1 

100  gms. 

1.6  cms. 

2 

« 

1.4  cms. 

3 

11 

1.75  cms. 

4 

It 

1.50  cms. 

5 

11 

1.35  cms. 

MEAN 

100  gms. 

1.52  cms. 

Calculation 


< 


Initial  Modulus 


x  magnification 

Strain 

Load/ Area  of  Crcss-Sectj.m 
Extension/Gauge  Length 

100/0,09  x  1  1 

T.  52/15  x  1 

1500 

0.1368 

IO964.9123  gms/cm^ 


Chart  Speed 
Cross -He ad  Speed 


TABLE  4.23 


DETERMINATION  OF  TORSIONAL  MODULUS  OF  RUBBER  STRIP 


Length  of  strip 
Width  of  strip 
Thickness  of  strip 
Diameter  of  the  pulley- 


53. 7  cms. 
1.0  cms. 
0.09  cms. 
5.56  cms. 


LOAD 

NUMBER  OF  T 

URNS  INTRODUCED 

APPLIED 

TWISTED  IN  CUE  DIRECTION 

TWISTED  IN  OPPOSITE  DIRECTION 

1  gm. 

4.5 

4.5 

II 

4.5 

4.5 

II 

4.5 

4.5 

It 

4.5 

4.5 

4.5 

4.5 

Calculations 


•  • 


2 

3 


2 


7/  ^  bd3 

£1 

*1 

- 

M  g  R1 

11 

Mfoj 

X 

wLj 

x  . 

1 

0  x  2£_  x  1  x  5.56 

1  X 

To.09)3  4.5  — 

=  21719.29 

X  g 

dynes/cm^ 

=  21719.29 

gms/cm^ 

xg 


where  g  is  the  gravitational  force  in  C.G.S.  Units 
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CHAPTER  V 

Geometry  and  Mechanics  of  Twisting  of  Rubber  Strips 
5 • 1  Geometry  of  twisted  form 

The  geometrical  relations  for  the  twisted  form  of  ribbon  can 
be-  arrived  at  by  considering  it  to  be  of  the  same  type  as  twisting 
of  a  thin  metal  blade.  Figure  5«1  shows  the  general  form  of 
twisted  structure.  In  Figure  5* 2(a)  it  is  seen  that  the  lower  end 
of  a  cylinder  whoso  top  end  is  fixed  has  been  rotated  through  a 
certain  angle  in  the  direction  of  the  arrow. 

Let  00^  be  the  axis  of  the  cylinder,  and  A  is  any  point  on 
the  surface  of  the  cylinder  at  the  free  end.  After  twisting,  the 
point  A  acquires  a  new  position  B.  Thus  the  point  A  has  rotatod 
through  certain  angle  with  respect  to  a  similar  point  A"*-  on  the 
fixed  end  of  the  cylinder.  The  angle  AA^B  is  the  helix  angle. 

Now  if  the  cylinder  is  considered  to  bo  made  up  of  a  number  of 
thin  parallel  plates  then  on  twisting  the  cylinder  the  plates  will 
also  be  rotated  in  tho  similar  fashion.  If  we  consider  a  point  C 
on  a  plate  at  tho  centre  of  tho  cylinder  then  on  twisting  this 
point  0  would  have  moved  to  point  and  the  angle  CDC^  will  be 
equal  to  the  angle  AA^fi. 

In  Figure  5.2(b)  twisting  of  the  plate,  which  was  in  the 
centro  of  the  cylinder,  has  been  shown  separately.  Figure  5.2(c) 
has  been  drawn  to  show  the  movement  of  point  C  to  and  D  is  tho 
point  on  the  fixed  end  of  the  plate. 


TWISTED  FORM. 
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In  order  to  work  out  the  geometry  of  the  twisted  part,  let 
be  the  length  of  strip  in  twisted  part 
n^  be  the  number  of  turns  in  twisted  part 
R-j_  be  the  radius  of  the  cylinder  of  which  it  is  a  part 
0^  2.  be  the  helix  angle 
b  be  the  width  of  the  strip. 

Assuming  that  (a)  there  is  very  little  deformation  in  the  twisted 

part,  and  (b)  that  the  length  along  strip  is  equal  to  the  length 

along  the  axis,  i.e.  there  is  negligible  contraction  in  length, 

then  from  Figure  5.2(c): 

Length  in  one  turn  =  CD  =  =  hj  (say) 

nl 

C-4)  =  2xR-^  cosecG^ 

and  tanOi'i  =  2ftRj  .  ( 5- 1) 

TVh 

From  our  assumption  (a) 

Rx  =  b/2 

therefore  (Ad  =  % b  cosec  .  (5.2) 

and  tan^i  =  y;b  j  .  (5.3) 

jGTS 

=  pb2.^)2  Y 


also  (Ad 


(5.4) 


Ft*. 
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5.2  Geometry  of  wrapped  structure 

The  form  of  wrapped  structure  may  be  visualised  by  considering 
a  strip  of  paper  rolled  up  so  that  its  axis  is  in  one  plane  as  illustrated 
in  Fig.  5.3(a).  This  is  a  wrapped  structure  with  a  complete  overlap  of 
successive  turns.  If  the  ends  of  the  paper  are  now  pulled  apart,  a 
wrapped  structure  with  only  partial  overlap  is  obtained,  as  in  Fig.  5.3(b). 
Finally,  on  further  extending  the  chain,  a  gap  between  turns  will  form  as 
in  Fig,  5.3(c).  Thus  there  are  three  types  of  wrapped  structure. 

(a)  Wrapped  structure  with  overlapping  of  turns,  Fig.  5.4(c). 

In  practice  with  a  strip  of  rubber  of  finite  thickness  the  overlap  would 
not  be  able  to  take  place,  and  the  turns  would  join  together  under  the 

condition  in  which  they  are  trying  to  overlap. 

\ 

(b)  Wrapped  structure  with  no  overlap  and  no  gap,  Fig.  '5.4(b) 
i.e.  a  structure  which  is  just  jammed. 

(c)  Wrapped  structure  with  a  gap.  Fig.  5.4  (a). 

In  order  to  work  out  the  detailed  geometry  of  the  wrapped  part,  let 
the  length  in  the  wrapped  part  along  the  strip  -  i-  2 
the  length  in  the  wrapped  part  along  the  axis  =  1-2  cms 
the  helix  angle  be  =  ^ 

the  number  of  turns  in  the  wrapped  part  =  n2 

and  the  radius  of  the  cylinder  -  Rg 

Let  S  be  the  separation  between  the  strips  perpendicular  to  the 
length  of  the  strip  as  shown  in  figure.  If  there  is  overlap  S  will  be 
negative. 

Fig.  5.5  (a)  and  (b)  has  been  obtained  by  cutting  the  wrapped 
structure  and  opening  it  out  into  a  plane.  We  see  that 
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tan*2  = 

2,1*2 

h2 

b+S 

h2 

=  sin  0C.2  . 

h2 

f7n2 

cos^2  . 

■du 

n 

sint^g  ....... 

b+S  = 

2ttR2 

cos^2  . 

from  (8)  and  (9) 

we  get 

(b+S)2  _ 
4772R22 

cos^C2 

4  7t^2^ 

(  4  2/n?2 

* 

(?2Uzf 

=  1  _ 

(b+S)2 

4  77  2R22 

.  (5.10) 

or  1677  %24  = 

(I2,2 

n2 

[477V  - 

(b  +  S)2\ 

or  16  if  4r24  - 

4*2  il 

R22  +  (b  + 

2) 

S)2  Jfe_  =  0. 

2 
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R,  =  47 j 


1 7 2  h2 


n0 


16  *'4  (ii2) 

n22 


2v  2 


64rr4(b+S)2.  i£ 

n22 


2.  16  7T4 


-  477' 


i|2  i  £s/7Z  .  4(b+S) 

n22  n2  /  n2^ 


-1 


3  2  77 


4 


or  R2  = 


£2!  ♦  k  pUL  ,  (b  +  sy> 

2  "  n2  J  n22  -  4  (b  S) 


n2' 


or  R,  = 


8  T  2 

J  22  +  ^2  v/^22  -  4  (b  +  S)2!^2 


0  2  2 
8? T  n2 


(5.11) 


Also  from  Fig.  5.5(b)  we  find  that 


h2  =  (b  +  S)  cosec  iX  2 


(5.12) 
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Equation  (5*12)  gives  the  general  formula  for  the  length  of  one 
turn  of  the  structure  along  the  axis  and  equation  (5.11)  is  the  general 
equation  for  the  radius  of  the  wrapped  structure.  S  can  assume  positive 
or  negative  values  or  it  can  be  zero.  When  S  has  positive  values  we 
have  wrapped  structure  with  gap,  but  when  S  is  negative  we  obtain  the 
wrapped  structure  with  overlapping.  The  zero  value  of  S  corresponds  to 
the  jammed  structure,  but  the  general  form  of  the  equation  (5.1l)  and 
(5.12)  will  be  used  initially  in  dealing  with  the  mechanics  of  the 
wrapped  structure. 

Equation  (5.1l)  has  two  solutions  because  it  is  in  general 
possible,  as  illustrated  in  Fig.  5.6,  to  have  two  structures  with  the 
same  length  of  strip,  the  same  number  of  turns,  and  the  same  gap  (or 
overlap)  between  the  turns  of  the  strip. 

It  is  interesting  to  consider  some  special  cases: 

(i)  Considering  the  oositive  sign  only  in  equation  (5.1l) 

2  .2  f~2 - - ~"7' 

R2  =  *2  +  2  Jl 2  ~  4  Ob*  S)2n2 

8  7r  2  n22  ...  (5.11a) 

(ii)  When  S  =  _  b^  i.e.  there  is  complete  overlap 

2  r  2 

r2  =  ±  2 

47T2n22  .  (5.11b) 

This  is  correct  since  the  strip  is  wrapped  in  one  plane 
Fig.  5.3(a)  and  its  circumference  must  equal  X^j/ng  . 


(iii)  When  S  =  0,  i.e.  the  structure  is  just  jammed. 


R22  =  l22  -  £2  l  2  -  4  bW  .  (5.11c) 

8  n2  n22 

Again  two  solutions  are  in  general  possible,  corresponding  to 

jamming,  in  tension  or  compression. 

(iv)  When  S  =  0  and  ri2  ~  £ 2 

2b 

2  n  2 

Rp  —  \>  2 

Bifc  n2y  .  (5. lid) 

In  this  case  the  two  solutions  merge  into  one.  With  this  number 

of  turns  only  one  structure  is  possible  without  overlap.  Since 

^ 2  =  2b,  the  geometry  of  the  structure  will  be  as  shown  in  Fig. 

n2 

5.5(c),  with  .^2  =  45°. 

5.3  Mechanics  of  the  twisted  part 

Let  the  width  of  the  ribbon  be  b  cms 

thickness  of  the  ribbon  be  d  cms 
length  of  the  ribbon  be  l  cms. 

*  If  the  thicknes  1 d  1  of  the  ribbon  be  very  small  compared  to 
the  width  b,  then  the  standard  expression  for  the  couple  required 

to  twist  a  thin  blade,  one  end  of  which  is  fixed,  can  be  used  for  our 

purpose. 

*  Experimental  Elasticity  -  Searle  -  Page  68. 
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for  a  rectangular  strip  of  blade 

The  couple  G  =  £  H  1  b.d  dynes  cm. 

'/ 

where  rt  is  the  shear  modulus 

and  7'  is  the  twist  in  radians/cm. 
or  G  =  ji  7|  9  b  d3 

where  8  is  the  rotation  of  the  free  end  in  radians. 
Applying  this  equation  to  the  twisted  part  of  the  structure 
we  know  that  9  =  2  71'  nq 
and  i  -  \ 

.*.  Couple  G  becomes  =  2  JTn]_  b  d^ 

^  1 


=  J-7f  b  d^  n^  dynes  cm.  .  (5.13) 

h 


Strain  Energy 

When  a  length  of  a  bar  is  twisted  through  certain  angle  then  work 
is  done  on  it  and  this  work  done  is  stored  in  the  body  as  energy.  If 
the  body  is  a  perfectly  elastic  one,  then  this  energy  is  released  on 
removal  of  the  forces  causing  this  strain.  Thus,  if  G  be  the  couple 
applied  to  twist  a  body  through  an  angle  0,  then  the  work  done 
=  Strain  Energy  =  -g-  G  0 
In  our  case  of  twisting  a  rectangular  blade 
Strain  Energy  =  Er  =  -^  G.6 

=  ■§■»  ■§"  ^  b  d3  n^  2  n^ 

ll 


or  Er 


z_ 

3 


n 


2h  b  d3 


(5.14) 


^  nl  G 


(5.15) 
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5.4  Mechanics  of  Wrapped  Part 

If  a  long  thin  strip  of  rubber  or  a  strip  of  paper  is  bent  along 

its  length  so  that  two  ends  of  the  strip  are  made  to  touch  each  other, 

then  we  get  a  cylindrical  shell  structure  whose  depth  is  equal  to  the 
width  of  the  strip  and  the  circumference  equal  to  the  length  of  the 

strip  as  shown  in  fig.  5.7(a).  Again  if  the  same  strip  of  rubber  or 

paper  is  bent  along  its  width  so  that  the  two  edges  of  the  strip  are 
made  to  touch  each  other  then  we  get  another  cylindrical  shell 
structure  whose  depth  will  be  equal  to  the  length  of  the  strip  and 
the  circumference  equal  to  the  width  of  the  strip,  as  shown  in  fig. 
5.7(b).  But  if  we  bend  the  strip  in  skew  by  holding  two  ends  of  the 
strip,  such  that  the  axis  of  bending  is  inclined  at  a  certain  angle 
to  the  length  of  the  strip,  then  the  type  of  structure  obtained  will 
not  be  the  same  as  the  other  two  types  mentioned  above  but  it  will  be 
as  shown  in  fig.  5.8(a).  If  bending  in  the  rest  of  the  length  of  the 
strip  is  continued,  keeping  the  axis  of  bending  the  same  and  also  the 
radius  of  curvature  of  bending  as  constant,  then  we  get  a  structure 
as  shown  in  fig.  5.8(b)  and  (e).  This  structure  resembles  the 
structure  of  the  wrapped  part  Fig.  5.4(a). 

A  short  section  of  the  wrapped  structure  is  shown  in  Fig.  5.9. 

In  order  to  maintain  this  configuration,  torque  must  be  applied  along 
AB  and  CD  to  balance  the  bonding  moment.  The  bending  moment  M  is  given 
by  Yl/ ,  where  Y  =  bending  moment. 


* 

(a)  BENDING  OF  STRIP  A U 


(b)  BENDING  OF  STRIP 


$ 


f 
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I  is  the  moment  of  inertia  of  the  bar  about  the  neutral  axis 
and  p  is  the  radius  of  curvature  of  the  arc  into  which  the  bar 
has  been  bent. 

Applying  the  same  formula  for  our  wrapped  structure,  we  have 
p  =  (radius  of  the  wrapped  structure) 

If  Z7?~  be  the  neutral  axis,  then  from  Figure  5.10(c)  moment 
of  inertia  of  the  rectangular  strip  which  is  the  thickness  of  the 
rubber  along  AB  in  Figure 

-+  d/2 


I 

zz 


1 


-  d/2 


y2  b  .dy. 
sin  a ^ 


-  1^.  bd^  . .  (5.16) 

12  sint<  ^ 

Thus  Bending  Moment  =  M  =  1  .  bd^  .  1  .  Y  .  (5*17) 

12  sin  o'.  2 


and  Torque  =  1'  =  Bonding  Moment  M  =  Ybd^  .  1  1 .  (5.18) 

12  sin  <<  2  ^2 

Substituting  the  value  of  sinp<^  from  equation  (5.8)  in  equation 
(5.18)  we  get: 

r  =  Y.bjdfJ  .  '•*  2  .  1 

12  2^2n2  ^2 

=  Ybd3  .  (,2  .  L,  .  (5.19) 

2h,%  ng  ^2 

r\ 

Substituting  the  value  of  from  equation  (5.1l)  in  equation  (5.19) 
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we  get: 

r =  Ybd3  •  t.2 

24k 


2  2 
8u  no 

t  Ijj/ff  "  4(b  +  s)2n| 


(5.20) 


or r -  Ybd3  .  ^n2  .  .  (5.21) 

3  *2  -  /|f  -  4(b  +  s)^rf 

The  two  solutions  correspond  to  the  two  forms  having  the 

^'o 

same  values  of  £0,;b  and  s  being  different  values  of  d 

2  A  2 

Strain  energy 

When  a  strip  is  bent  by  an  externally  applied  couple  work  is 
done  on  it.  This  work  is  stored  in  the  body  in  the  form  of  energy, 
and  is  known  as  the  strain  energy  due  to  bonding.  Strain  energy 
due  to  bending  is  given  by  half  the  product  of  the  bending  moment 
and  the  angle  which  the  ends  of  the  bent  strip  submit  at  the  centre 
of  the  circle  of  which  it  is  a  part.  In  our  case,  as  the  bending 
moment  is  equal  to  the  torque,  the  strain  energy  stored  in  the 
wrapped  part  will  thus  be: 

E  =1  torque  x  total  twist 

”  5 

=  1  x  P  x 
2  d 

—  xn^  ^  .....«..( 5.22) 


Special  cases 

(i)  considering  the  positive  sign  in  equation  (5* 21) 
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V=I^£  _ ,r,!n|, . „  .  (5.23a) 

3  2  +  a/^2  “  4(b  +  s)^ng 

(ii)  now  if  s  =  -  b 

E„r  =  £*£  *  jf?L  .  (5.23b) 

3  2<2 


agreeing  with  the  simple  equation  for  tho  planar  wrapping 

(iii)  when  s  =  o 


E  =  Ybd3 
wr  — 


A2 

7t  n2 


4  -  4b2n2 


2  v'2 


(iv)  when  s  =  o  and  n  =  £2 

2  2b 

Eyr  =  Ybd3  .  . 

^2 


(5.23c) 


=  A  Ybd3  .  -t2 


T~ 


(5.23d) 


4b2 


5.5  Potential  energy  of  the  system 

Energy  is  defined  as  tho  capacity  for  doing  work,  and  when 
a  stone  is  at  a  height  of  hem.  above  the  ground  its  weight  has 
the  capacity  of  doing  mgh  ergs  of  work  in  virtue  of  its  position. 
It  is  said  to  possess  energy  of  position  or  potential  energy. 


When  a  ribbon  is  twisted  the  length  along  the  axis  of  the 
structure  is  smaller  than  the  length  along  the  axis  of  the  strip. 
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i.a.  twisting  is  followed  with  contraction  in  length.  If  a  tension 

had  been  acting  on  the  ribbon  when  it  was  being  twisted,  or  if  we 

imagine  that  a  load  was  hung  from  one  end  of  the  ribbon  and  twist 

was  imparted  from  the  other  end,  the  load  will  be  lifted  up  due  to 

the  contraction  in  length.  Thus  work  is  being  done  by  the  load  or 

the  tension  during  the  process  of  twisting,  which  is  stored  as 

potential  energy  of  the  system.  If  the  twist  is  taken  out  or  the 

twisting  process  is  reversed,  the  potential  energy  is  liberated. 

As  the  contraction  in  length  is  negligible  (assumption  (b), 

page  6l  )  the  potential  energy  due  to  the  twisted  part  will  be 

assumed  to  be  negligible. 

Potential  energy  due  to  the  wrapped  part 

If  the  length  along  the  axis  of  the  wrapped  structure  be  hg 

cms.  for  one  turn  of  twist  and  the  length  along  the  ribbon  be 

l  o  cms.,  then  the  total  contraction  in  length  when  n  number  of 

2 

turns  have  been  introduced  will  be: 

Contraction  =  £  2  “  n2^2  .  (5*24) 

Now  the  length  of  1  turn  along  the  axis  =  h£ 
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2  2  _ _ 

=  £2  -1  L.  /  1  ♦  /l  -  4(b+s)2  n2  1 
n~  "  JJ2  1  2  1 

2  2 


therefore  h2  =  j/2  1  -  1  1 1  *  (1  -  4(b  +  a)2  ^5  )^ 

n2  5  l  P 


*ii  1  ;  1  (1  -  4(b  +  s)2  A  )*  * 


5  ^  2 


=  1 12  1  +  (1  -  4(b  ♦  a)2  )*  .  (5.25) 

</2  n2  J5 

therefore  oontraction  in  length  =  £/  n2^2 


=  ^2  -  1  £2  1  ;  ;  1  -  4(b  +  a)2.  n2 


2s* 


**  2  > 

1  -  -i  i  1  +  (1  -  4(b  ♦  a)2.  ^2  )M  ...(5.26) 

%/2  |  72  one. 

L  2  J 

Therefore  if  W  bo  the  tension  during  the  twisting  procoss  or  if 
W  be  tho  weight  in  gma.  hung  froa  the  end  of  the  ribbon  during 


twisting* 


Potential  Energy  =  W. 


=  W.  jL  I  1  -  1  i  1  ?  (1  -  4(b  ♦  a)2.iii  gma. 


75  t 


gma. on. 


(5.27) 


Special  cases 
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(i)  Considering  the  negative  sign  in  equation  (5.27)  correspond¬ 
ing  to  the  positive  aign  in  equations  (5.1l)  and  (5.21) 


therefore  Potential  Energy 


1  -  L  /l  -  (1  -  4(b  +  s)2  n2  f 


V 


gras.cn . (5.28a) 


(ii)  now  if  s  =  -  b 
Potential  Energy  =  W  i 


(5.28b) 


In  the  planar  wrapped  structure,  the  whole  length  of  the  strip  is 
taken  up. 

(iii)  when  s  =  0 


Potential  Energy  =  Wf^ 


2n2 


1-1)1-  (1-4  ~7L) 

7k  \ 


gras.  cm. 
(5.28c) 


(iv)  when  s  =  0  and  n  =  ^2 
Potential  Energy  =  W/g  (1  -  ^  ) 


(5.28d) 


5.6  Combination  of  Twisted  and  Wrapped  forms 

We  can  now  turn  to  a  numerical  assessment  of  tho  energy 
relations  by  substituting  the  appropriate  dimensional  moduli  for 
tho  rubber  strip,  as  reported  in  last  chapter. 

Figures  5.11  and  5.12  show  tho  energy  values  for  various  values 
of  twist  corresponding  to  tho  twisted  form  and  the  wrapped  form. 
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It  will  bo  noted  that  the  energy  due  to  bonding  in  the  wrapped  form 
is  less  than  the  onorgy  duo  to  torsion  in  the  twisted  form,  indic¬ 
ating  that  the  wrapped  form  would  be  favoured.  However,  when  the 
potential  energy  in  the  wrapped  form  is  added  in,  the  situation 
changes. 

At  low  twists,  the  twisted  form  has  tho  lower  energy  and  will 
thus  bo  the  stablo  configuration;  but  at  high  twists  tho  wrapped 
form  has  the  lower  energy  and  will  become  stable. 

It  is  now  necessary  to  consider  the  possibility  of  the 
twisted  and  wrapped  forms  oxisting  together.  If  a  given  number  of 
turns  n  are  introduced  into  the  strip  of  length  1,  then  these  may 
be  divided  in  difforent  proportions  between  different  lengths  in 
each  form.  However,  stability  will  only  be  achieved  when  the 
torquo  in  the  twisted  form  equals  tho  torque  in  the  wrapped  form. 
Thus  if  a  given  number  of  turns/unit  length  is  selected  from  the 
twisted  form,  the  number  of  turns  per  unit  length  in  the  wrapped 
form  may  bo  determined  from  the  torque- twist  curves  shown  in 
Figure  5.13.  The  division  of  length  botwoen  the  two  forms  then 
follows  from  tho  equation: 

n  =  n^i  +  n2(f  -  j^)  .  (5.29) 

It  will  bo  obsorvod  from  Figure  5.13  that  when  this  torque  in  tho 
wrapped  part  has  achioved  tho  maximum  value  (at  0.5  turns  per  cm.) 
any  further  increaso  in  torquo  in  the  twisted  part  will  only  close 


the  gap  between  the  two  edges  of  the  atrip  in  the  wrapped  form, 
i.e.  compression  takes  place  without  altering  the  total  number  of 
turns  in  the  strip,  which  givos  the  jammed  structure  and  thus  the 
equality  of  torque  is  maintained.  A  small  amount  of  energy  will 
be  involved  in  this  change  ovor  and  has  been  noglected  from  our 
calculations  at  the  proaont  stage. 

The  total  onergy  may  bo  obtained  by  adding  the  appropriate 
combinations  from  the  twisted  and  wrapped  parts.  An  oxample  of  the 
calculation  is  given  in  Table  5*1.  The  curves  obtained  are  shown 
in  Figures  5.14(a)  find  (b),  and  5.15.  The  minima  in  these  curves 
represent  the  position  of  stability  and  so  the  division  between 
the  wrapped  and  twisted  form  is  established.  This  theoretical 
division  is  shown  plotted  against  number  of  turns  in  Figure  5.16- 
When  the  total  number  of  turns  per  cm.  i3  less  than  0.5 
turns  per  cm. ,  theoretically  a  number  of  forms  can  be  available. 

The  structure  could  have  a  combination  of  twisted  form  and 
wrapped  form  with  or  without  gap  or  the  whole  structure  may  be  in 
the  wrapped  form  with  gap  between  the  edges.  The  form  which  will 
have  the  minimum  onergy  will  be  obtained  in  practical  cases. 

figure  5.16  is  similar  in  form  to  the  experimental  curves, 
and  a  comparison  of  the  two  is  made  in  Figure  5.17;  the  agree¬ 
ment  is  not  exact  and  this  may  bo  due  to  the  following  causes: 

(a)  neglect  of  tho  energy  relations  at  tho  boundary  botweon 
the  twisted  and  wrapped  forms. 
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(b)  negloct  of  the  contraction  in  twisted  port, 

(c)  neglect  of  the  effects  of  lateral  compression  of  the 
strip  due  to  jamming. 

(d)  negloct  of  energy  relations  when  the  gaps  are  closed. 

(e)  general  assumption  of  small  strain  elastic  theory  in  a 
problem  involving  large  strains. 

(f)  experimental  error,  though  the  only  possible  source  of 
appreciative  error  here  is  non-uniformity  in  tho  rubber 
strip  leading  to  inappropriate  values  of  the  moduli  used 

in  the  calculations. 

5.7  Future  work 

The  experimental  and  theoretical  studios  have  demonstrated 
with  fair  agreement  how  a  flat  rubber  strip  can  twist  in  two 
quite  distinct  forms.  The  work  now  has  to  be  extended  to  see  how 
far  similar  ideas  apply  in  the  twisting  of  textile  yarns.  As  an 
intermediate  stage,  tho  twisting  of  flat  bundles  of  monofilaments 
or  yarns  will  be  studied. 

We  now  see  that  there  are  three  ideal  forms  of  twisted 
structure  to  be  examined.  Those  ares 

(a)  twisted  cylindrical  bundle 

(b)  twisted  flat  ribbon 

(c)  wrapped  flat  ribbon. 

The  differences  in  filamont  path  and  in  the  structural 
parameters  of  yarns  in  the  throe  forms  will  have  to  be  established, 
together  with  an  appreciation  of  their  effect  on  yarn  properties. 


Appendix  :  Personnel  and  Expenditure 


The  work  described  in  the  report  was  carried  out  by  Mr.  A.  J 
Booth,  B. Sc. Tech,  and  Mr.  0.  N.»  Bose,  B.Sc. ,B. Sc. Tech,  under  the 
supervision  of  Dr.  J.  W,  S.  Hearle,  M-ft.  ,Ph.D.,F.Instfc,F.T.I. 

The  man-hours  spent  on  the  project  were  approximately  2,000 
hours  by  Mr.  Booth,  2,000  hours  by  Mr.  Bose  (supported  only  in 
part  from  contract  fhnds)  and  200  hours  by  Dr.  Hearle,  plus  the 
services  of  typists  and  laboratory  and  workshop  technicians. 

Material  costs  were  in  the  region  of  £200. 

The  work  forms  part  of  a  wider  programme  of  work  on  the 
mechanics  and  structure  of  twisted  yarns,  being  carried  on  under 
the  direction  of  Dr.  J.  W.  S.  Hearle 


